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PREFACE. 

The work now presented, is the last of a series of books, 
imder the general title of The North American Arith- 
metic, and severally denominated Part First, Part Second^ 
and Part Third. 

Part First is a small book, designed for the use of child- 
ren between five and eight years of age, and suited to the 
convenience of class-teaching in primary schools. 

Part Second consists of a course of oral and written ex- 
ercises united, embracing sufficient theory and practice of 
arithmetic for all the purposes of common business. 

Part Third comprises "a brief view of the elementary 
principles of arithmetic, and a full development of its higher 
operations. Although it is especially prepared to succeed 
the use of Part Second, it may be conveniently taken up by 
scholars, whose acquirements in arithmetic are considerably 
less than the exercises in Part Second are calculated to af- 
ford. While preparing this book, I have kept in prominent 
view, two classes of scholars; viz. — those who are to prose- 
cute a full course of mathematical studies, and those who 
are to embark in commerce. In attempting to place arith- 
metic, as a science, before the scholar in that light, which 
shall prepare him for the proper requirements of college, I 
have found it convenient to draw a large portion of the ex- 
amples for illustration and practice, from mercantile trans- 
actions ; and thus pure and mercantile arithmetic are united. 
No attention has been spared, to render the mercantile 
information here presented, correct and adequate. Being 
convinced, that many of the statements relative to commerce, 
which appear in books of arithmetic, have been transmitted 
down from ancient publications, and are now erroneous, I 
have drawn new data from the counting-room, the insurance 
office, the custom-house, and the laws of the present times. 
The article on Foreign Exchange is comparatively exten- 
sive, and I hope it will be found to justify the confidence of 
merchants. Its statements correspond to those of the British 
' Universal Cambist,* conformably with our value of foreign 
coinSi as fixed by Act of Congress, in 18S4. 
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Although a knowledge of arithmetic may, in general, he 
well appreciated as ia valuable acquisition, yet the effect 
produced on intellectual character, by the exercises neces- 
sary for acquiring that knowledge, is not always duly con- 
sidered. In these exercises, the mental effort required in 
discovering the true relations of the data, tends to strengthen 
the power of comprehension, and leads to a habit of investi- 
gating; the certainty of the processes, and the indisputable 
correctness of the results, give clearness and activity of 
thought; and, in the systematic arrangement necessary to 
be observed in performing solutions, the mind is disciplined 
to order, and accustomed to that connected view of things, 
so indispensable to the formation of a sound judgment. 
These advantages, however, depend on the manner in 
which the science is taught; and they are gained, or lost, 
in proportion as the teaching is rational, or superficial. 

Arithmetic, more than any other branch of learning, has 
suffered from the influence of circumstances. Being the 
vade-mecum of the shop-keeper, it has too often been 
viewed as the peculiar accomplishment of the accountant, 
and neglected by the classical student. The popular sup- 
position, that a compendious treatise can be more easily 
mastered than a copious one, has led to the use of text- 
books, which are deficient, both in elucidation and exer- 
cises. But these evils seem now to be dissipating. — The 
elements of arithmetic have become a subject of primary 
instruction ; and teachers of higher schools, who have adopt- 
ed an elevated course of study, are no longer satisfied with 
books of indifferent character. 

It has been my belief, that a treatise on arithmetic might 
be so constructed, that the learner should find no means of 
proceeding in the exercises, without mastering the subject 
in his own mind, as he advances; and, that he should still .be 
enabled to proceed through the entire course, without requir- 
ing any instruction from his tutor. Induced by this belief, 
I commenced preparing The North American Arithmetic 
about five years since; and the only apology I shall offer, 
for not earlier presenting its several Parts to the public, is 
the unwillingness that they should pass from my hands, 
while I could see opportunity for their improvement. 

Boston, October, 1834. ^- Emerson. 

A, ^EY to thU work (for teachers ooly) b pabliehed separately. . 
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DEFINITIONS OF QUANTITY, NUMBERS, AND 

ARITHMETIC. 

QUANTITY is that property of any thing which may 
be increased or diminished — it is magnitude or muUi" 
tude* It is magnitude when presented in a mass or con- 
tinuity ; as, a quantity of water, a quantity of cloth. It 
is multitude when presented in the assemblage of several 
things ; as, a quantity of pens, a quantity of hats. The 
idea of quantity is not, however, confined to visible ob- 
jects ; it has reference to every thing that is susceptible 
of being more or less. 

NUMBERS are the expressions of quantity. Their 
names are. One, Two, Three, Four, Five, Six, Seven, 
Eight, Nine, Ten, &c. In quantities of multitude, One 
expresses a Unit ; that is, an entire, single thing ; as 
one pen, one hat. Then each succeeding number ex- 
presses one unit more than the next preceding. In 
quantities of magnitude, a certain known quantity is first 
assumed as a measure, and considered the unit ; as one 
gallon, one yard. Then each succeeding number ex- 
presses a quantity equal to as many times the unit, jas the 
number indicates. Hence, the value of any number de- 
pends upon the value of its unity. 

When the unit is applied to any particular thing, it is 
called a concrete unit ; and numbers cowisting of concrete 

3* 
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units are called concrete numbers: for example, one dollar, 
two dollars. But when no particular thing is indicated 
by the unit, it is an abstract unit; and hence arise abstract 
numbers: for example, one and one make two. 

Without the use of numbers, we cannot know precise- 
ly how much any quantity is, nor make any exact com- 
parison of quantities. And it is by comparison only, that 
we value all quantities; since an object, viewed by itself, 
cannot be considered either great or small, much or lit- 
tle; it can be so only in its relation to some other object, 
that is smaller or greater. 

ARITHMETIC treats of. numbers: it demonstrates 
their various properties and relations; and hence it is 
called the Science of numbers. It also teaches the 
methods of computing by numbers; and hence it i? call- 
ed the Art of numbering. 



II. 

NOTATION AND NUMERATION. 

Notation is the writing of numbers in numerical char- 
acters, and Numeration is the reading of them. 

The method of denoting numbers first practised, was 
undoubtedly that of representing each unit by a separate 
mark. Various abbreviations of this method succeeded; 
such as the use of a single character to represent five^ 
another to represent t$ny &c.; but no method was found 
perfectly convenient, until the Arabic tigures or digits, 
and DECIMAL system now in use, were adopted. These 
figures are, 0, 1,2, 3, 4, 6, 6, 7,. 8, 9; denoting respec- 
tively, nothing, one unit, two units, three units, &c. 

To denote numbers higher than 9, recourse is had to a 
law that assigns superior values to figures, accordmg to the 
order in which they are placed, viz. Any figure placed 
to the left of another figure y expresses ten times the quantity 
that it would express if it occupied the place of the latter. 
Hence arise a succession <^f higher orders of units. 

As an illustration of the above law, observe the dif- 
ferent quantities which are expressed by the figure !• 
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When standing alone, or to the right of other figures, 1 
represents 1 unit of the first degree or order; when stand- 
ing in the second place towards the left, thus, 10, it 
represents 1 ten, which is 1 unit of the second degree; 
when standing in the third place, thus, 100, it represents 
1 hundred, which is I unit of the third degree; and so on. 
The zero or cipher (0) expresses nothmg of itself, being 
eniployed only to occupy a place. 

The units of the second degree, that is, the tens, are 
denoted and named in succession, 10 ten, 20 twenty, 30 
thirty, 40 forty, 60 fifty, 60 sixty, 70 seventy, 80 eighty, 
90 ninety. The units of the third degree, that is, the 
hundreds, are denoted and named, 100 one hundred, 200 
two hunched, 300 three hundred, and so on to 900 nine 
hundred. The numbers between 10 and 20 are denoted 
and named, 11 eleven, 12 twelve, 13 thirteen, 14 four- 
teen, 1.5 fifteen, 16 sixteen, 17 seventieen, 18 eighteen, 
19 nineteen. Numbers between all other tens are de- 
noted in like manner, but their names are compounded of 
the names of their respective units; thus, 21 twenty-one, 
22 twenty-two, 23 twenty-three, &c.; 31 thirty-one, 32 
thirty-two, &c. &c. This nomenclature, although not 
very imperfect, might .be rendered more consistent, by 
substituting regular compound names for those now ap- 
plied to the numbers between 10 and 20. This alter- 
ation would give the names, 11 ten-one, 12 ten-two, 13 
ten-three, &o. 

As the first three places of figures are appropriated to 
simple units, tens, and hundreds, so every succeeding three 
places are appropriated to the units, tens, and hundreds 
of succeeding higher denominations. For illustration, see 
the following table. 




460725206 194007 185 039 000 164 396 205 013008741 

By continuing to adopt a new name for every three 

degrees of units, the above table may be extended indef- 
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initeljr. Formerly, the denominations higher than thousands 
were each made to emhrace six degrees of units; taking bi 
thousands, tens of thousands, and hundreds of thousands. 
The mode of applying a name to every thi^e degrees, 
however, is now universal on the continent of Europe, 
and is becoming so in England and America. 

The learner may denote in figures, the following num- 
bers, which are written in words. 

Example 1. Four hundred seventy-eight million, two 
hundred forty-one thousand, and one hundred. 

2. Seven million, six hundred ninety-two thousand, 
and eighty-nine. 

3. Nineteen million, twenty thousand, and five. 

4. Eight hundred billion. 

5. One billion, six hundred forty-four thousand, five 
hundred and thirteen. 

6. One trillion, five hundred thirty-*f6ur billion, three 
million, eighteen thousand, and four. 

7. Two hundred billion, sixteen thousand and one. 

8. Eleven billion, one million, and sixty. 

9. Five trillion, eight billion, four million, nine thou- 
sand, and seven. 

10. One hundred trillion, twenty billion, three hun- 
dred million, two thousand, and four. 

11. Thirty-one trillion, five hundred, and sixty. 

12. Six quadrillion, two hundred and fourteen trillion. 

13. Two hundred forty-nine quadrillion, seventy-five 
thousand, and twenty-two. 

14. Forty-six quintillion, one quadrillion, nineteen bil- 
lion, seven hundred and eight. 

15. Nine hundred sextQlion, three himdred twenty- 
five trillion, two thousand, and fourteen. 

II<(DICATIVE CHARACTERS OR SIGNS, 

The 3iffi-{' (plus) between numbers, mdicates that 
they are to be added together; thus, 3 -f- 2 is 5. 

The sign — (minus) indicates, that the number placed 
after it, is to be subtracted firom the number placed be- 
fore it; thus, 5 — 2 is 3. 
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The sign X (into) indicates that one number is to be 
multiplied into another; thus, 4 X 3 is 12. 

The sign -r- (by) indicates that the number on the left 
hand is to be divided by the number on the right hand; 
thus, 12-7-3 is 4. 

The sign= {equal to) indicates that the number before 
it, is equal to the number after it; for example, 4+^= 6« 
6—2=4. 6X3=15. 15-^3=5. 



III. 

ADDITION. 

Addition is the operation by which two or more num- 
bers are united in one number, called their sum. It is the 
first and most simple operation in arithmetic, effecting the 
first and most simple combination of quantities. 

The primary mode of forming numbers, by joinmg one 
unit to another, and, this sum to another, and so on, ex- 
hibits the principle of addition. When numbers, which 
are to be added, consist of units of several degrees, such 
as tens, hundreds, &c., it is found convenient to add 
together the units of each degree by themselves; and 
since ten units of any degree make one unit of the next 
higher degree, the number of tens in the sum of each 
degree of units is carried to die next higher degree, and 
added thereto. 

RULE FOR ADDITION. - Write the numbers^ units ttn- 
der unitSj tens under tensy ^c. Add each column sep^- 
arately^ beginning with the column of units. When the 
sum of any column is not more than 9, write it under 
the column: when the sum is more than 9, write only the 
units^ figure under the column^ and carry the tens to the 
next column. Finally j write. down the whole sum of the 
left hand column, 

I 

1. What is the sum of 370+90264+1470+40060? 

2. What is the sum of 4000 + 570 + 99 + 54 + 273 + 
69073+4000+61998+752 .> * 
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3. What is the sum of 243+5021 +7628+927+64 
+6823+742+796 + 5009 + 326 +7426 +31186 + 
9a7+ 6954 +2748? ' 

4. What is the sum of two thousand and seven, forty- 
four million five hundred and sixty-one, one hundred mil* 
lion, six billion twenty-eight thousand and eleven ? 



IV. 

SUBTRACTION. 

Subtraction is the operation by which one number 
is taken from another^ 

The number from which another is to be takeii is 
called the minutnd. and the number to be taken is called 
the Buhtrak^nA, The number resulting firom the oper- 
ation shows the remainder of the minuend, after the 
subtrahend has been taken out; it also shows the differ- 
ence between the minuend and subtrahend, or the excess 
of the former above the latter. The subtrahend and re- 
mainder may be considered the two parts into which the 
minuend is separated by the operation; and in this view, 
subtraction is the opposite of addition, in as much as 
addition unites several quantities in one sum, and subtrac- 
tion separates a quantity into two parts. 

Subtraction is performed by taking the units of each 
degree in the subtrahend, from those of corresponding 
degree in the minuend, and severally denoting the re- 
ipainders. When the units of any degree in the subtra- 
hend exceed those of the same degree in the minuend, 
we mentally join one unit of the next higher degree to 
the deficient place in the subtrahend, and consider the 
•units of the higher -degree to be one less than they are 
denoted: this process is the reverse of carrying in 
addition. One other method, may be adopted in this 
case; viz. Increase both the minuend and subtrahend, 
by mentally adding ten to the deficient pkce in the 
former, and, one to the next higher degree of units b 
the latter. This metho'd 13 justed by the self-evident 
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taith, that, if two unequal quantities be equally increased, 
tbeir difference is not thereby altered. 

RULE FOR SUBTRACTION. Write the smaller number 
%nier the greater^ placing units under unitsj ^c. Be^ 
gin vith the units^ and subtract each figure in the lower 
number from the figure over it. When a figure in the 
vpper number is smaller than the figure under. it^ consid^ 
er the upper figure lo be 10 more than itis^ and the next 
upper figure on the left hand, to be 1 less than it is. 

PROOF. Md together the remainder and the smaller 
number: their sum will be equal to the greater number^ 
if the work be right. 

1. YHiat is the difference between 70240 and 69418.? 

2. How much is the excess of the number 482724 
above the number 194750.? 

3. Suppose 479021 to be a minuend, and 38456 
the subtriJiend; how much is the remainder.? 

4. 905106392—904623724=.? 

5. Subtract fifty-one thousand firom one hundred bil- 
lion, eighteen thousand, five hundred and one. 



V. 
MULTIPLICATION. 

Multiplication is the operation by which a number 
is produced, equal to as many times one given number, 
as there are units in another given number. It is an 
abridged method of finding the sum of several equal 
quantities, by repeating one of those quantities. 

The number to be multiplied or repeated is called the 
multiplicand; it may be viewed as one of several equal 
quantities, whose sum is to be produced by the. operation. 
The number to multiply by is called the multiplier; 
it indicates how many such quantities as the multiplicand 
are to be united, or, how many times the multiplicand is 
to be repeated. Thenumber resulting from the operation 
is cdled the product. 
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The multiplicand and multiplier, considered as con- 
curring to form the product, are called factors of the 
product. Either factor may be used as the multiplier 
of the other; that is, the multiplicand and multiplier may 
change places, and the product will be still the same. 
For example, 4 X 3=12. 3 X 4=12.^ 

When a product arises from more than two factors, 
the numbers may be denoted thus, 6 X 3 X 5 = 90; but^ 
in forming the product, a distinct operation is necessary to 
bring in each factor, after the two first. The numbers, 
6, 3, 5, would, therefore, be multiplied into each other 
thus, 6X3=18; 18X5=90. 

Factors may be arranged in any succession whatever, 
since the mere order in which they are brought into the 
operation cannot affect their final product. For exam- 
ple, 6 X3X4=60. 4X3X5=60. 3X5X4=60. 

The products of small numbers may be committed to 
memory; but when the product of factors consisting of 
several figures is required, it is necessary to multiply 
each figure ip the multipUcand by each figure in the 
multiplier, and denote the several products in such order 
that they shall represent their respective values. When 
'simple units are employed as the multiplier, the product 
of each figure in the multiplicand is of the same degree 
as the figure multiplied;, that is, units multiplying units 
give units, units multiplying tens give tens, units multi- 
plying hundreds give hundreds, &c. When tens are 
employed as the multiplier, the product of each figure 
in the multiplicand is one degree higher than the figure 
multiplied; that is, tens miultiplying units give tens, tens 
multiplying tens give hundreds, tens multiplying hundreds 
give thousands, &c. When hundreds are employed as 
the multiplier, the product of each figure in the multi- 
plicand is two degrees higher than the figure multiplied; 
and so on. 

RULE FOR MULTIPLICATION. WriU the multiplier 
under the multiplicand^ placing units under unitSj ^c. 

When there is but one figure in the multiplier ^ begin 
mth the unitSy multiply pach figure in the multiplicand 
separately y and place each product under the figure in 
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the multiplicand from which it arose; observing to carry 
the tens to the left as in addition. ; 

When there is more than one figure' in the multiplier^ 
multiply by each figure separately^ and iorite its product 
in a separate line, placing the right hand figure of each 
line under the figure by which you multiply; and finally^ 
add together the several products* The sum will be 
the whole product. 

Abbreviations of the above rule may frequently be 
adopted, as follows. 

When there are ciphers standing between other fig- 
ureSj in the multiplier<f they may be disregarded. 

When ciphers stand on the right of either factor, or 
bothy they may be disregarded till the multiplication is 
performed J and then annexed to the product. 

When either factor is 10, 100, 1000, ^c, merely 
place the ciphers in this factor on the right hand of the 
other. factor, and it becomes the product. 

When the multiplier is a number that can be produc- 
ed by multiplying two smaller numbers together, muUi' 
ply the multiplicand first by one of the smaller numiers, 
and the product thence arising by the other. 

1. Suppose 479265 to be a multiplicand, and 9236 
the multiplier; how much is the product ? 

2. Suppose 26537 to be one factor, and 873643 
another; how much is their product ? 

3. Suppose the numbers 725, 38046 and 91, to be 
factors; how much is the product? 

4. What is the product of 62392 X 4003 ? 

5. What is the product of 248000 X 9400 ? 

6. What is the product of 24 X 300 X 13 X 10002 ? 

7. Multiply one hundred five million, by one thousand. 

For the purpose of determining whether any error has 
happened in the process of multiplication, the following 
mediod of trial, which depends on the peculiar property 
of the number 9, and which is called easting out the 
nineSf may be practised. 

Add together the figures of the product, horizontally) 

2 
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rejecting, or dropping the number 9 as often as the sum 
amounts to that number, an4 proceeding with the excess, 
and finally denote the last excess. Perform the same 
operation upon each of the factors ; then multiply together 
the excesses of the factors, and cast out the nines from 
their product. If the excess of this smaller product be 
equal to the excess of the larger product first found, the 
work may be supposed to be right. It is, however, to 
be observed, that, although this test furnishes satisfactory 
evidence of the correctness of an operation, it is not an 
infallible proof; for, if a product chance to contain an 
-error of just 9 units of any degree, the excess of its 
horizontal sum is not thereby altered. 

In order to perceive why the excess above nines found 
in the horizontal sum of a product, must be equal to the 
excess foimd in the product of the excesses of the fac- 
tors, observe that, by the law of notation, a figure is 
increased nine times its value by its removal one place 
to the left; and hence, however far a figure is removed 
from the place of units, when its nines are excluded, its 
remainder can be only itself. Therefore, any number, 
and the horizontal sum pf its figures, must have equal 
remainders when their nines are excluded. This being 
understood, observe that, since factors composed of 
entire nines will give i^ product consisting of entire nines, 
it follows, that any excess above nines in a product, 
must arise from an excess above nines in . the factors. 
Therefore, the product of the excesses of the factors, 
must contain the same excess that is contained in the 
product of the whole factdrs. 



VI. 
DIVISION. 

Division is the operation by which we find how many 
times one number is contained in another. It is the con- 
verse of multiplication; the product and one factor being 
^ven, and the other factor resulting firom the operation. 
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The number which corresponds to the product in 
multiplication, is the number to be divided, and is caDed 
the dividend. The given factor is the number to divide 
hjj and is called the divisor. The factor to be found, 
that is, the number which shows how many times the 
dividend contains the divisor, is caUed the quotient. 

As multiplication has been shown to proceed from 
addition, so division may be shown to proceed from 
subtraction. If we repeatedly subtract the divisor from 
the dividend till the latter is exhausted, the number of 
subtractions performed will answer to the number of 
ifiiits in the quotent. For example, if the dividend be 
24, and the divisor 6, the quotient may be found by sub- 
traction thus, 24—6=18, 18—6=12, 12—6 = 6, 
^ — 6=0. Here 6 is subtracted four times from 24, 
and there is nothing remams; therefore,4 is the number 
of times that 6 is contained in 24. In division, this oper- 
ation is denoted thus, 24-7-6=4; or thus, ^=4. 

Division not only investigates the number of times the 
dividend contains the divisor, but it also serves to divide 
the dividend into as many equal parts as the divisor con- 
tains units; the quotient being one of these parts. This 
effect of the operation may be understood by consider- 
ing, that, since the divisor and quotient are factors of the 
dividend, they must each indicate bow many of the other 
the dividend contains. 

It may be observed, that all the preceding operations 
begin at the place of simple units; division, however, 
must begin at the highest degree of units; for, the number 
of times that the divisor is contained in the higher units 
of the dividend must be taken out first, in order that any 
remainder, or excess above an exact number of times, 
may be carried down to the lower degrees of units, and 
divided therewith. 

When the divisor is not contained an exact number 
of times in the dividend, there will be a remainder at the 
end of the operation. This remainder, being a part of 
the dividend, is to be divided; but its quotient will be 
smaller than a unit, since a quantity in the dividend just 
equal to the divisor, gives only a unit in the quotient. 



16 ARITftMETlC VL 

Quantities smaller than a unit, that is, parts of a unit, are 
called Fractions. Such quantities are commonly ex- 
pressed by two numbers, placed one above the other 
with a line between them, thus ^ . The lower number, 
called the denominator ^ shows how many equal parts the 
unit is divided into; and the upper number, called the 
numerator^ shows how many of the equal parts are em- 
braced in the fraction. When, the unit is divided into 
two eqiial parts, the parts are called halves; when divided 
into three equal parts, the parts are called thirds; when 
divided into four equal parts, the parts are called fourths ; 
and so on; the number of the denominator giving the 
name. For example, if the unit be divided into five equal 
parts, one of the parts is denoted thus, j , and called one- 
fifth; two of the parts, thus, f , and called two-fifths; and 
so on. In this method, the unit may be divided into any 
number of equal parts, and any number of such parts may 
be denoted. 

With this elementary view of fractions, it may be per- 
ceived, that when there is a remainder of 1 unit, it is to 
be divided into as maxiy equal parts as there are units in 
the divisor, and one of these parts is to be annexed to 
the quotient. This is performed by merely writing the 1 
as a numerator, and tiie divisor as the denominator, on 
the right of the quotient. If the remainder be 2 units, 
there will be 2 such parts of a unit as the divisor indicates 
to be annexed to the quotient, and, therefore, the nume- 
rator will be 2. If the remainder be 3 units, the numera- 
tor will be 3; and so on. Hence, whatever the remainder 
may be, it becomes, m the quotient, the numerator of a 
fraction, the divisor being the denominator. 

RULE FOR DIVISION. When the divisor does not ex- 
ceed 9, draw a line under the dividend^ find how many 
times the divisor is contained in the left hand figure^ or 
two left hand figures of the dividend^ and write the figure 
expressing the number of times underneath: if there be a 
remainder over^ conceive it to be prefixed to the nextfig^ 
ure of the dividend ^ and divide the next figure as before. 
Thus prx>ceed through the dividend. 

When the divisor is more than %find how many times 
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U itjeontained in the fewest fgtareB thai mil contain itj 
9A the, left of the dividend j ufrite the figure expreaing 
the number of times to the right of the dividend j for the 
first quotient figure ; multiply the divisor by this figure j 
and subtract the product from the figures of the dividend 
considered. Place the next figure of the dividend, on the 
right of the remaindery and divide this number as before. 
Thus proceed through the dividend. If there be a final 
remainder J place it as a numerator , and the divisor as a 
denominatorj on the right of the quotient. 

PROOF. Multiply the vthole numbers of the divisor and 
quotient together y and to the product add the numerator 
of any fraction in the quotient: the sum will be equal to 
the dividend J if the work be right* 

Abbreviations of the above rule may firequentljr be 
adopted, as follows: *' 

When there are ciphers on the right hand of a divisor^ 
cut them offy and omit them in the operation; also cut off 
and omit the same number of figures from the right hand 
of the dividend. Finally y place the figures cut off from 
the dividendy on the right of the remainder. 

When the divisor is 10, 100, 1000, ^c.y cut off as 
many figures from the right hand of the dividend as 
there are ciphers in the divisor; the other figures of the 
dividend will be the quotient y and the figures cut off will 
be the remainder. 

When factors of the divisor are knowny divide the 
dividend by one of these factorsy and the quotient thence 
arising by the other: the last quotient will be the true 
one. To find the true remaindery multiply the last re- 
mainder by the first divisory'and to the product add the 
fira remainder. 

1. Divide 4062900311 by 9, and prove the operation. 

2. How many times is 602 contained in 74260710? 

3. Suppose 52076348 to be a dividend, and 8649 the 
divisor;, what is the quotient? 

4. If 26537009535 be divided into 27856 equal parts, 
what will be one of those parts? 

5. Divide 16500269842 by 86000 ; abbreviatmg. 

2* 
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6. Divide 806^5743924 by 10000; by abbreviation. 

7. Divide 290516 by 63 ; using factors of the divisor. 

8. 142375800392 + 5274 f= what number? 



VII. 
PROPERTIES OP NUMBERS. 

Before proceeding to examine the properties of num- 
bers, a few arithmetical terms, which we shall here 
collect and define, should be perfectly understood. As 
an exercise in this article, the learner may give, upon his 
slate, an exaiiaple of each term defined, and each prop- 
erty described. 

A UNIT, or UNITY, is any thing considered individual- 
ly, without regard to the parts of which it is composed. 

An INTEGER is either a unit or an assemblage of imits; 
and a fraction is any part or parts of a unit. 

One number is said to measure another, when it 
divides it without leaving any remainder. 

A number which divides two or more numbers with- 
out a remainder, is called their common measure. 

When a number can be measured by another, the for- 
mer is called the multiple of the latter. 

If a number can be measured by two or more numbers, 
it is called their common multiple. 

A composite number is that which can be measured 
by some number greater than unity. 

The ALIQUOT parts of a number, are the parts by 
which it is measured, or into which it can be divided. 

An even number is that which can be measured, or 
exactly divided by 2. 

An ODD number is that which 'cannot be measured 
by 2; it differs from an even number by 1. 

A PRIME NUMBER is that which can only be measur- 
ed by unity, that is, by 1. 

One number is prijvie to another, when unity is the 
only number by which both can be measured. -: 
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A SQUARE NUMBER IS the product of two equal fac- 
tors; or, the product of a number multiplied by itself. 

The SQUARE ROOT is the number, which, being mul- 
tiplied by itself, produces the square number. 

A CUBE is the product of three equal factors; or, the 
product of a number twice multiplied by itself. 

The CUBE ROOT is the number, which, being twice 
multiplied by itself, produces the cube. 

Property 1. The sum, or the difference of any two 
even numbers, is an even number. 

Prop. 2. The sum, or difference, of two odd num- 
bers is even; but the sum of three odd numbers is odd. 

Prop. 3. The sum of an even number of odd num- 
bers is even; but the sum of an odd number of odd num- 
bers is odd. 

Prop. 4. The sum, or the difference of an even num- 
ber and an odd number, is odd. 

Prop. 5. The product of an even, and an odd niun- 
ber, or of two even iiumbers, is even. 

Prop. 6. An odd number cannot be divided by an 
even number, without a remainder. 

Prop. 7. A square number, or a cube number, aris- 
ing from an even root, is even. 

Prop. 8. The product of any two odd numbers is 
an odd number. 

Prop. 9. The product of any number of odd num- 
bers is odd: hence the square, and the cube of an odd 
number* are odd. 

Prop. 10. If an odd number measure an even num- 
ber, it will also measure the half of it. 

Prop. 11. If a square number be either multiplied or 
divided by a square, the product or quotient is a square. 

Prop. 12. If a square number be either multiplied 
or divided by a number that is not a square, the product 
or quotient is not a square. 

Prop. 13. The difference between an integral cube 
and its root, is always divisible by 6. 

Prop. 14. The product arising from two different 
prime numbers cannot be a square. 



. I 



M AEITHHETIC. VIIL 

Prop. 15. The product of no two different numbers, 
prime to each oflier^ cBn jnake a square, unless each of 
those numbers be a square. 

Prop. 16. Everj prime number above 2, is either 1 
greater or 1 less than some multiple of 4. 

Prop. 17. Every prime number above 3, is either 1 
greater or 1 less than some multiple of 6. 

Prop. 18. The number of prime numbers is unlimit- 
ed. The first ten are, 1, 2, 3, 5, 7, 11, 13, 17, 19, 23. 
The learner may find the succeeding ten. 



VIIL 

PROBLEMS. 

A PROBLEM is a proposition or a question requiring 
something to be done; either to investigate some truth or 
property, or to perform some operation. 

The following Problems and Kules are founded in the 
correspondence of the four principal operations of arith- 
metic; viz. Addition, Subtraction, Multiplication, and 
Division. 

PROBLEM I. The sum of two numbers, and one of 
the numbers bebg given, to find the other. RULE. Sub^ 
tract the given number from the given sum; the remain- 
der will be the number required. 

1. Suppose 37486 to be the sum of two numbers, one 
of which IS 8602; what is the other? 

2. 33000 news-papers are sold in London, daily: of 
these, 17500 are morning papers, the rest, evening: how 
many of the latter.^ 

PROBLEM II. The difference between two numbers, 
and the greater number being given, to find the smaller. 
R ULE. Subtract the difference from the greater number; 
the remainder vAll be the number required. 

3. If 1406 be the difference between two numbers, 
and the greater number be 4879, what is the smaller ? 
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4. The area of North and South America is 18000000 
square miles: that of North America is 1 1000000: what 
is that of South America? 

PROBLEM III. The diiFerence between two numbers,- 
and the smaller number being given, to find the greater. 
RULE. Add the smaller number and the difference 
together; the sum will be the number required. 

5. Suppose 86974 to be the difference between two 
numbers, and the smaller number to be 7064; what is 
the greater number.^ 

6. The British House of Lords consists of 427 mem- 
bers; the number in the House of Commons is 131 great- 
er. How many are there in the House of Commons.^ 

PROBLEM IV. The sum and difference of two num- 
bers being given, to find the numbers, rule. Sub- 
tract the difference from the sum^ and divide the re- 
mainder by 2; the quotient will be the smaller number. 
Then add the given difference to the smaller number, 
and this sum ipill be the greater number. 

7. What are the two numbers whose sum is 1094, and 
whose difference is 154.'^ 

8. The United States Congress, consisting of a Sen- 
ate and House of Representatives, has 288 members. 
The House has 192 members more than the Senate. 
How many in each branch.^ 

PROBLEM V. The product of two factors, and one 
of the factors being given, to find the other, rule. 
Divide the product by the given factor, and the quotient 
will be the required factor. 

9. 1246038849 is the product of some two numbers, 
one of which is 269181 : what is the other? 

10. Suppose a session of Congress which continues 
180 days^ to cost 504000 dollars; what is the expense 
per day, to the United States? 

PROBLEM VI. The dividend and quotient being given 
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to find the divisor, rule. Divide the dividend by the 
given quottenty and the quotient thence arising trill be 
the number sought. 

11. Suppose 101442075 to be a dividend, and 4025 
the quotient; what is the divisor ? 

12. 17155 pounds ofbeef having beep equally divided 
among a number of soldiers, each one found that his 
share was 47 pounds. What was the number of soldiers ? 

PROBLEM VII. The divisor and quotient being given, 
to find the dividend. RULE. Multiply the divisor and 
quotient together; the product will be the required div* 
idend, 

13. If 800027 be a divisor, and 97563 the quotient, 
what number is the dividend ? 

14. A quantity of beef was divided equally among 
2742 soldiers, and each soldier received for his share 
152 pounds. What quantity was divided ? 

PROBLEM VIIL The product of three factors, and 
two of those factors being given, to find the third factor. 
RULE. Find the product of the two given factors, and 
by this number divide the given product; the quotient 
will be the factor required. 

15. Suppose the product of three factors to be 1344, 
one of these factors being 12, and another 8; what is the 
third factor ? 

16. How many days will 9720 pounds of hay last 12 
horses; allowing each horse to eat 45 pounds a day ? 

PROBLEM IX. Two numbers being given, to find their 
greatest common measure; that is, the greatest number 
tvhich will divide them both without a remainder, rule. 
Divide the greater number by the smaller, and this di' 
visor by the remainder, and thus continue dividing the 
last divisor by the last remainder, till nothing remains. 
The divisor last used will be the number required. 

When the greatest common measure of more than two 
numbers is required, first, find the greatest common mea- 
sure of any two of the numbers, then find the greatest 
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eammon measure of the number found fmd another of the 

fiven numbers^ and thus proeeedj till all the given num^ 
ere are brought tn. 

17. What is the greatest common measure of 918, 
1998, and 522 ? 



918)1998(2 
1836 


54)522(9 
486 


162)918(6 
810 


36)54(1 
36 


108)162(1 
108 


18)36(2 
36 


54)108(2 
108 


An 



The truth of the rule in this problem will be discovered 
by retracing the first of the above operations, as follows. 
Since 54 [the last divisor] measures 108, it also measures 
103 + 54, or 162. Again, since 54 measures 108 and 
162, it also measures 5X162+108, or 918. In the 
same manner it will be found to measure 2 X 918 + 162, 
or 1998. Therefore, 54 measures Both 918 and 1998. 
It is also the greatest common measure; for, suppose there 
be a greater — then, since the greater measures 918 and 
1998, it also measures the remainder, 162; and since it 
measures 162 and 918, it also measures the remainder 
108; in die same manner it will be found to measure the 
remainder, 54; that is, the greater measures the less, 
which is absurd. 

18. What is the greatest common measure of the num- 
bers, 323 and 425 ? 

19. What is the greatest common measure of 2310 
and 4626 ? 

20. What is the greatest common measure of 1092, 
1428, 1197 and 805? 

21. Suppose a hall to be 154 feet lone, imd 55 wide; 
what is^ the length of the longest pole, that will exactly 
measure both the length and width of the hall ? 

22. A owns 720 rods of land, B owns 336 rods, and 
C 1736 rods. They agree to divide their land into eoual 
bouse lots, fixing on the greatest number of rods for a lot. 
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that wiU allow each owner to lay out all his land. How 
many rods must there be in a lot ? 

PROBLEM X. Two or more numbers being given, to 
find their least common multiple; that is, the least num- 
ber that will contain each of the given numbers a whole 
number of times. RULE. Divide two or more of the 
given numbers by any prime number that will measure 
them^ repeat the operation upon the quotients and undi- 
vided numbers^ and thus continue^ till they become prime 
to each other, JMultiply the several divisors^ the last 
quotients, and undivided numbers together; the product 
will be the least common measure. 

If, among the numbers to be divided, any number is a 
measure of another, the measuring number may be re- 
jected; that is, dropped from the operation. 

It is obvious, that one number is the multiple of another, 
when the former contains all the factors of the latter. 
The factors of 6 are 3 and 2, and the factors of 9 are 3 
' and 3. Now 54 contains all these factors, (3 X 2 X 3 X 
3 = 54), and 54 is' a common multiple of 6 and 9^ but it 
is not their least common multiple — it is 3 times as great 
as the leasty owing to the existence of the factor, 3, in 
both 6 and 9. Hence we observe, that a common factor 
of two or more numbers must enter but once into the 
multiplication, to give the least common multiple. The 
above rule effects the necessary exclusion. 

23. What is the least common multiple of 12, 25, 30, 
and 45. 



3 ) 12 25 30 45 

5 ) 4 25 10 15 

4 5 2 3 



3X5X4X5X3 = 900 



We find, after dividing 
twice, that 4 and 2 ap- 
pear; and, by dropping 
the 2 because it measures 
the 4, we avoid another 
division. ^ns. 900.' 



24. What is the least common multiple of 6, 10^ 16, 
and 20 ? 

25. What is the least common multiple of 25, 35, 60, 

and 72 f 
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26. MHiat is the least common multiple of 105, I4O9 
and 245 ? 

27. What is the least common multiple of 18, 82, 94, 
788, and 356 ? 

28. Allowing 63 gallons to fill a hogshead, 42 a tierce, 
and 32 a barrel, what is the smallest quantity of molasses, 
that can be first shipped in some number of full hogs* 
heads, then discharged and reshipped in some number of 
full tierces, and again discharged and reshipped in some 
number of full barrels ? 

29. A certain flour dealer, who purchased his flour 
from a mill on the opposite side of a river, owned four 
boats, one of which would carry 8 barrels of flour, another 
9, another 15, and another 16. What is the smallest 
number of barrels he could purchase, that would make 
some number of full freights for either of the boats ? 



IX. 
COMPOUND NUMBERS. 

Compound Numbers are those which are employed 
to express quantities that consist of several denominations; 
each denomination being denoted separately. Under this 
head are classed, all the subdivisions of measures; of 
length, surface, solidity, weights, money, time, &c. 

The following tables of denominations of compound 
numbers, show how many units of each lower denomina- 
tion are equal tp a unit of the next higher, and, exhibit 
each lower denomination as a fraction of the next higher. 

MONEY, WEIGHTS, AND MEASURES. 
ENGLISH MONEY. 

The denominations of English Money are, the pound, 
£, the shilling, «., the penny, d., and the farthing, qr. 



4 farthings = 1 d. 

12 pence = 1 s- 

20 shillings <= 1 £. 

3 



1 qr = 1 of 1 d. 

Id =iio( Is. 

Is =^of IX. 
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TROT WEIGHT. 

The denominations of Troy Weight are, the pound, W., 
the ounce, oz., the pennyweight, dwt.y and the grain, gr. 

24 grains = 1 dwt. Igr. ... rss^^;^ of 1 dwt. 

20 pennyweights . . . = 1 oz. 1 dwt. . . = i/^ of 1 oz. 
12 ounces = llb. loz. . . =:y^jof lib. 

AVOIRDUPOIS WEIGHT. 

The denominations of Avoirdupois Weight are, the ton, 
T., the hundred- weight, ctr^, the quarter, qr, the pound, 
Z6., the ounce, oz,y and the dram, dr, 

Idr. . . .=s-^of loz. 

loz. ... =^ of lib. 

1 lb. . . . = ^^ of 1 qr. 

1 qr. . • . = i of 1 cwt. 



Icwt. . . =5^of 1 T. 



16 drams = 1 oz. 

16 ounces = 1 lb. 

28 pounds *. . . = 1 qr. 

4 quarters = 1 cwt. 

20 hundred-weight . = 1 T. 

apothecaries' weight. 

The denominations of Apothecaries' Weight are, the 

pound, Sb, the ounce, S, the dram, 5? the scruple, 3, 

and the grain, gr. 

20 grains = 19. 

3 scruples = 15' 

8 drams = 1 §. 

12 ounces = 1 9b. 

cloth measure. 
The denominations of Cloth Measure are, the French 
ell, Fr. e., the English ell, E. e., the Flemish ell, FL c, 
the yard, yd.^ the quarter, ^r., and the nail, na. 



Igr. 
19 
15 
IS 



.. = + of 15. 
.. = 4 of IS. 
. .=i\jof lib. 



. . = i of 1 qr. 
. . = i of 1 yd. 
. . = I of 1 Fl. e. 
..=|of lE.e. 
. . == ^ of 1 Fr. e. 



4 nails = 1 qr. 1 na. 

4 quarters ,...... = 1yd. 1 qr. 

3 quarters ....... e= 1 PI. e. 1 qr. 

6 quarters = 1 E. e. 1 qr. 

5 quarters =1 Fr.e.ll 1 qr. 

DRT measure. 
The denominations of Dry Measure are, the bushel, 
6u., the peck, p/b., the gallon, gaL^ the quart, qt.<, and 
the pint, pt. 
2 pmts s: 1 qt. 1 pt. 

4 quarts = 1 gal. 1 qt. 

8 quarts = 1 pk. 1 qt. 

4 pecks = lbu. Ipk. 



.... 



• • . it 



• « • • 



of 1 qt. 
of 1 gal. 
of Ipk. 
of 1 DU. 
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WINE MEASURE, 

The denominations of Wine Measure are, the ton, T., 
the pipe, p., the puncheon, pun.., the hogshead, hhd,, the 
tierce, Her., the ban-el, 6Z., the gallon, gal.^ the quart, 
qt, the pint, pt, and the gill, gi. 

4 gills . ......= 1 pt. • 1 gi. . 

2 pints = 1 qt. 1 pt. . 

4 quarts = X gal. 1 qt. . 

31^ gi^llons = 1 bl. 1 gal. . 

42 gallons ...'... = 1 tier. 1 gal. . 
63 gallons ...... = Ihhd. Igal. . 

84 gallons = 1 pun. 1 gal. . 

126 gallons = 1 p. 1 gal. . 

2 pipes = 1 T. 1 p. . 

BEER MEASURE. 

The denominations of Beer Measure are, the butt, 6f., 
the hogshead, /t^df., the barrel, M.,the kilderkin, kiL^ the 
firkm, ^r., the gallon, gaLy the quart, qt.^ and the pint, pt. 



= i of Ipt. 
= i of i qt. 
= I of 1 gal. ' 
= Aoflbl. 
= ^7^ of 1 tier. 
= ^ of Ihhd. 
= e^ of 1 pun. 
= Tkoflp. 
= i of IT. 



2 pints = 1 qt. 

4 quarts =1 gal. 

9 gallons = 1 fir. 

2 firkins = 1 kil. 

2kUderkins = Ibl. 

3 kilderkins = 1 hhd. 

2 hogsheads = 1 bt. 



1 pt. . . . 

1 qt. . . . 

Igal 

Ifir. . . . 


Ikil 


Ikil 


Ihhd. . . 



= ^ of 1 qt. 
= i of 1 gal. 
= 4 of Ifir. 
= i of Ikil. 
== I of Ibl. 
== I of 1 hhd. 
= ^of Ibt. 



NOTE. In the United States, the Dry gallon contains 
268| cubic inches, the Wine gallon* 231 cubic inches, 
and the Beer gallon 182 cubic inches. By an Act of the 
British government, however, the distinction between 
the Dry, Wine, and Beer gallon was abolished in Great 
Britain, in 1826, and an Imperial Gallon was established, 
as well for liquids as for dry substances. The Imperial 
gallon must contain " 10 pounds. Avoirdupois weight, of 
distilled water, weighed in air, at the temperature of 62*^ 
of Fahrenheit's thermometer, the barometer standing at 
30 inches." This quantity of water will be found to 
measure 277f-^^Q cubic inches. The same Act estab- 
lishes the pound Troy at 5760 grains, and the pound 
^toirdupois at 7000 grains* 
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lin. 
1ft. 
1yd. 
Ir. . 

Ifur. 



= ^5 of 1ft. 
= i of 1yd. 

= ^ of 1 fur. 
= ^ of Im. 



LONG KEA8URE. 

The denominations of Long Measure are, the mile, m., 
the furlong, fur.y the rod or pole, r., the yard, yd., the 
foot,//., and the inch, in. 
12 inches == 1 ft. 

3 feet = 1 yd. 

65 yards ....... = 1 r. 

40 rods = 1 fur. 

8 furlongs = 1 m. 

SQUARE MEASURE. 

The superficial contents of any figure having four sides 
and four equal angles, is found in squares, by multiplying 
together the length and breadth of the figure. 

The denominations of Square Measure are, the mile, 
w., the acre, A., the rood, jR., the rod, r,, the yard, yd., 
the foot,//., and the inch, in. 
144 inches = 1ft. 

9 feet == 1 yd. 

30} yards = 1 r. 

40 rods . . == 1 R. 

4 roods = 1 A. 

640 acres = 1 m. 

CUBIC MEASURE. 

The cubical contents of any thing which has 6 sides — 
its opposite sides being equal — is found in cubes, by 
multiplying together, the length, breadth and depth. 

The denominations of Cubic Measure are, the yard, yd., 
the foot,//., and the inch, in. 



lin. 
1ft. . 
1yd. 
Ir. , 
IR. 
lA. 



= I of 1yd, 
= T-|y of 1 r. 

= :jV of 1 R- 
= i oflA. 

= ^^ of 1 m. 



lin. 
1ft. 



= TTWof 1ft. 



= 57 



of 1 yd. 



1728 inches = 1 ft. 

27 feet = 1yd. 

40 feet of round timber, or 60 feet of hewn timber 
make a ton. 16 cubic feet make a foot of wood, and 8 
feet of wood make a cord. 



TIME. 



The denommations of Time are, the year, F., the day, 
d., the hour, A., the minute, m., and the second, 8. 



60 seconds 

60 minutes 

24 hours . . 

36^ days . , 



= Im. 
= lh. 
= ld. 
= 1Y. 



Is = -^ of 1 m. 

1 m. . . . == ^ of 1 h, 

Ih = 3^ of Id. 

Id =^oflY. 



lo =^Vof IS. 

IS =:-J^0f IC. 
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The earth revolyes round the sun once in 365 days, 
6 hours, 48 minutes, 48 seconds: this period is therefore 
a Solar year. - In order to keep pace with the solar y^ar, 
in our reckoning, we make every fourth year to contain 
366 daysy and call it Leap year. Still greater accuracy 
requires, however, that the Leap day he dispensed with 
3 times, in every 400 years. Whenever the number 
which denotes the year can be measured by 4, the year 
is Leap year — the centurial years excepted. 

The year is also divided into 12 months — See Almanac. 

THE CIRCLE. 

The divisions of the circle, C, are, the sign, S., the 
degree, (^), the minute, ('), the second, (''). 

This table is applied to the Zodiac ; and by it are com- 
puted, planetary motions, latitude, longitude, &c. 

60 seconds = 1 ' 1 '' = J^ of 1' 

60 minutes . = 1° 

30 degrees = 1 S. 

12 signs = 1 C. 

GEOGRAPHICAL MEASURE. 

The circumference of the globe — like every other cir- 
cle — ^is divided in 360 equal parts, called degrees. Each 
degree is divided into 60 equal parts called mileSy or 
minutes. Three miles are called a league. 

On the equator, 69^ statute miles are equal to 60 geo- 
graphical miles, or 1 -degree, nearly: and, on the meridian, 
at a mean, 69 ^^^ statute miles are equal to a degree. 

REPOCTION OF COMPOUND NUMBERS. 

Reduction is the operation of changing any quantity 
from its number in one denomination, to its number in 
another denomination. 

rule for reduction. When a greater denomina- 
tion is to be reduced to a smaller j mxiltiply the greater 
denomination^ by that number wHich is required of the 
smaller^ to make a unit of the greater; adding to the 
product J so many of the smaller denomination as are eo:- 
pressed in the given quantity. Perform a like operation 
on this product^ and on each succeeding product. 

3* 
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When a smalkr denominaHon is to be reduced to a 
greater^ divide the smaller denomination by that number 
tohich is required of the smaller ^ to make a unit of the 
next greater: the quotient tsill be of the greater denomi" 
nation^ and the remainder will be of the same denomina^ 
tion with the dividend. Perform a like operation on this 
quotient^ and on each succeeding quotient. 

1. Reduce £351 13 s. Od. Iqr. to its value in farthings. 

2. How many pounds, &c. are there in 6169 pence ? 

3. In 591b. 13d\vt. 5gr. Troy, how many grains ? 

4. Change 20571005 drams to its value in tons, &c. 
6. In231ib 3g 05 09 5 gr. how many grains .? 

6. How many English ells are there in 352 nails ? 

7. Reduce 7 bushels and 6 quarts to pints. 

8. How many hhds. are there in 9576 pints of wine ^ 

9. How many pints in 1 bl. 1 fir. 1 pt. of beer ? 

10. How many miles, &c. are there in 26431 rods f 

11. In 3 square miles, how many square rods ? 

12. In 1259712 cubic inches, how many cubic yards ? 

13. Reduce 1 solar year, 7d. and lOh. to seconds. 

ADDITION OF COMPOUND NUMBERS. 

The operation of adding compound numbers, differs 
from that of adding simple numbers, only, with respect 
to the irregular system of units, which determines the 
principles of carrying from one denomination to another. 

RULE. Write the numbers so that each denomination 
shall stand-in a separate column. Add the numbers of 
the lowest denomination together^ and divide their sum 
by that number which is required of this denomination to 
make a unit of the next higher: write the remainder un- 
der the column addedj and carry the quotient to the next 
column. Thus proceed through the denomination. 

14. What is the sum of £9 8s. 4d., £250 8s. 6d. 
3qr., £9 7s. 4d., £20 16s. 4d., and 3s. 6d. 2qT.? 

15. Add together lOoz. 14dwt. 16gr., 5lb. 9oz. 
6dwt. 22gr., 4lb. loz. 18dwt. 9gr., and lldwt., Troy 

16. Add together 15T. I9cwt. 3qr. 2lb.7oz., 26 T. 
13cwt. 2qr. 20 lb. 15 oz., and 3qr. 26 lb. 
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17. How much is 18yd. 3qr. 3na., 15yd. 2qr.3na., 
26yd. Iqr. 2na., and 67yd. 3qr. 2na. of clodi? 

18. Add together 26bu. 3pk. 7qt., lOObu. 2pk. 4qt., 
216bu. 2pk. 2qt. Ipt., and 57bu, 3pk. of corn. 

19. Add together 4p. 125gal. 3qt., 75gal. 2qt. J pt., 
36 p. 92 gal., and 39 gal. 3qt. ipt. of wine. 

20. How many acres are 13 A. 3R. 38 r., 87 A. 2R. 
33r., 28 A. 2R., 41 A. 2R. 28r., arid 36r.? 

21. How much hewn timber is 9T. 19ft. 1725 in., 
150T. 39ft. 1695in., and 500T. 31ft. 915in.? 



SUBTRACTION OF COMPOUND NUMBERS. 

RULE. Write the several denominations of the smaller 
quantity under the same denominations of the greater 
quantity: then^ begin with the lowest denomination^ and 
perform subtraction on each denomineUion separately. 
Whenever a number expressing a denomination in the 
upper line is smaller than the number under it^ increase 
the upper number by as many as make a unit of the next 
higher denomination^ and consider the number of the 
next higher denomination in the upper /tne, to be 1 less 
than it stands. ^ 

22. Subtract lib. lOoz. 16dwt. from 3lb., Troy. 

23. Prom 6T. 3cwt. take 7cwt. 2qr. 15 lb., Avoir. 

24. From2ib7g take 75 65 29 5gr., Apoth. wt. 

25. Subtract 3qr. 3na. from 5yd. 2qr. Ina. of cloth. 

26. Subtract 8bu. 1 pk. 6qt. Ipt. from 50bu. of corn. 

27. From 3hhd. 25gal. tske 41 gal. 2qt. of wine. 

28. From6bl. Ikil. take Ifir. 6 gal. 3qt. of beer. 

29. Subtract 3yd. lOin. froih 5yd. 2ft. 2in.,Longmea. 

30. Subtract 57 A. 2R. 31 r. fromlm., Square mea. 

31. Subtract 2Y. 90d. 4h. 55m. from 4Y., Time. 



MULTIPLICATION OF COMPOUND NUMBERS. 

RULE. Begin with the lowest denomination^ and mul- 
Hply each denomination separately; divide each product 
by the number which is required of its own denomination 
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to make a unit of the next higher; v>rite the remainder 
under the denomination multiplied^ and carry the quotient 
to the product of the next higher denomination. 

32. Multiply £216 19s. 6d. by 72 or its factors. 

33. Multiply 21b. 6oz. 7dwt. lOgr., Troy, by 56. 

34. What is 16 times 18cwt. 3qt. 16lb., 14oz..? 

35. What is 81 times 36 bu. 3pk. 6qt. Ipt., Dryraea. 

36. Multiply 4p. 105gal. 3qt. of wine by 60. 

37. Multiply 2m. 7fur. 35r., Long mea., by 63. 

38. Multiply 4m. 320 A. 1 R. 9r., Square mea., by 15. 

39. Multiply 2Y. 250 d. 14 h. 30 m., Time, by 96. 

DIVISION OF COMPOUND NUMBERS. 

RULE. Divide each denomination separately^ begins- 
ning with the highest. . Whenever a remainder occurs^ 
reduce it to the next lower denomination^ add it to the 
number expressed in the lower denomination, and divide 
it therewith. 

40. Divide J£251 15 s. 7d. 2qr. into 46 equal parts. 

41. Divide 15lb. 3oz. 7dwt. 5gr., Troy, by 13. 

42. Divide 12T. 27 lb. 15oz., Avoirdupois, by 5. 

43. Divide 136 E.e. 3qr. 3na. of cloth by 31. 

44. Divide 1621 bu. 2pk. of com into 50 equal parts. 

45. Divide 1 pipe of wine equally among 9 owners. 

46. Divide a Leap year mto 100 equal parts. 

FEDERAL MONEY. 

The denominations of Federal Money are, the eagle, 
the dollar, the dime, the cent, and the mill. 10 mills 
make 1 cent, 10 cents 1 dime, 10 dimes 1 dollar, and 10 
dollars 1 eagle. Dollars, $, and Cents, cts. are the only 
denominations conmionly mentioned in business — eagles 
being counted as tens of dollars, dimes being counted as 
tens of cents, and mills not being denoted. 

100 cents = $ ^ II ^ cent • . . = i^ of $ I 

The cents in any number of dollars are expressed by 
the same figures which express the dollars, with two 
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ciphers annexed; $ 15= 1500 cients. The dollars in any 
number of cents are distinguished by cutting off two fig* 
ures from the right for cents; 325 cts. :£= $ 3.25. - 

Operations on numbers expressing Federal money, are 
performed as on simple numbers; care must however be 
taken, in addition and subtraction, to place dollars under 
dollars, and cents under cents; these denominations being 
separated by a point. 

47. What is the sum of $34.21, $7064.04, 36cts., 
$10004.85, $96, $900.10, $14, $1.99, and $76529.^ 

48. Subtract $4926 from $12262.37. 

49. Subtract $297.18 from $100000. 

50. Suppose $295.48 to be a multiplicand, and 25 the 
multiplier; what is the product.^ 

In multiplication, only one of the factors can be Federal 
money, and the product will be of the same denomination 
as this factor. If, therefore, there be cents in either fac- 
tor, two figures must be pointed off for cents, from the 
right of the product. 

51. What is the product of 96 cts. multiplied by 43 i 

52. What is the value of 1304 pounds of coffee at 9 
cents per pound ? 

53. How many times $7 are there in $29.46 ? 

In division, when both the dividend and divisor are 
Federal money, they must both be of the same denomi- 
nation. If therefore, one of the numbers contain cents, 
and the other dollars only, the latter number must have 
two ciphers annexed to it. 

54. How many barrels of flour; at $4.36 per barrel, 
can be purchased for $ 4370 ? 

55. Divide $4279.50 into 746 eqiial parts. 

56. If 407 pounds of Hyson tea cost $395, what is 
the cost of 1 pound ? 

57. How many times are 95 cts. contained in $56 ? 

58. A merchant sold 1248 yards of cloth, at such price 
as to gain 1 cent on every nail. How much did he gain ? 

59. What is the gain on a hogshead of molasses, sold 
at an advance of 3 cents per gallon ? 

60. A jeweller sold a silver pitcher 3lb. 8oz. 16dwt., 
at 7 cents a pennyweight. What did it amount to ? 
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6 1 . What is the freight of 60480 pounds of cotton from 
Charleston to Liverpool, bX ^4 per ton ? 

MISCELLANEOUS EXAMPLES. 

62. How many bottles, holding I pint and 2 gills each, 
are required for bottling 4 barrels of cider ? 

63. How much will 46 bushels of oats cost, at 4 pence 
2 farthings for every two quarts ? 

64. A brewer sold 96 hogsheads of beer for JE388 
16s. What was the price of 1 pint at the same rate ? 

65. A certain tippler spent 12 cents a day for ardent 
spirit, during 39 successive weeks, and^hen died, the vic- 
tim of his folly. What did the spirit all cost ? 

66* Bought five loads of wood; the first containing 1 
cord 32 cubic feet, the second 1 cord 64 cubic feet, the 
third 112 cubic feet, the fourth 1 cord 28 cubic feet, and 
the fifth 1 cord 20 cubic feet. How many cords were 
there in the whole ? 

67. Bousht goods to the amount of £25 13 s. lOd. 
2qr.; and afterwards sold goods to the same man, amount- 
ing to J630 10s. 4d. 2qr. What is the balance of money 
in my favor ? 

68. A farmer sold five lots of land, at $9 an acre; the 
first lot containing 30 A. 2R. 2r., the second 41 A. 3R. 
8r., the third 14A. 1 R. lOr., the fourth 25 A. 36r., and 
the fifth 54 A. 6r. What did the whole amount to ? 

69. How many cubic inches in a brick 8 inches long, 
4 inches wide, and 2 inches thick ? 

70. How many cubic inches in the cube of 2 inches ? 

in the cube of 3 inches ? in the cube of 4 

inches ? in the cube of 5 inches ? 

71. If the cube of 4 inches be taken from the cube of 
1 foot, how many cubic inches will remain ? 

72. If the cube of 4 inches be taken from the cube 
of 2 feet, how many cubic inches will remain ? 

73. A young man, on commencing business, was worth 
£643 10 s.; the first year he cleared £54 Us. 7d. 2qr.; 
the second year, £87 Os. 10 d. Iqr.; but the third year he 
lost £ 1 96 7 s. 1 1 d. 3 qr. How much was he then worth ? 
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74. A gentleman had a hogshead of wine in his cellar, 
from which there leaked out 17 gal. 3qt. Ipt. How 
much then remained ? 

75. A man started on a journey of 20 miles 6 fur. 29 r. , 
and stopped to rest at a house., 4 m. 4 fur. 20 r. from the 
place of starting. How far had he still to go ? 

.76. In a pile of wood, 96 feet long, 5 feet high, and 4 
feet wide, how many cords ? 

77. How much would 13 hogsheads of sugar cost, at 
8 cents per pound; allowing each hogshead to contain, 
8cwt. 3qr. 24 lb.? 

78. A cent weighs 8 pennyweights 16 grains. What 
is the weight of 100 cents ? 

79. How many yards of cloth are there in 19 pieces; 
each piece containing 27 yd. 3qr. 2na.? 

80. If a man sell 2bl. 1 kil. Ifir. 6 gal. 2qt. Ipt. of 
beer in one week, how many barrels would he sell in 
26 weeks ? 

81. If 1 pint and 3 gills of wme will fill a bottle, how 
much will fiU a gross, or 12 dozen bottles ? 

82. A father left an estate worth £5719 17 s., to be 
divided equally among 1 1 children. How much was each 
one's share ? 

83. Sixteen men own 24 tierces of molasses, in equal 
shares. What is one man's share ? 

84. A company of 23 men bought 1850 acres 10 rods 
of wild land, and divided it equally among them. How 
much land had each man ? 

85. What must be the length of a lot of land, that is 5 
rods wide, in order that the lot shall contain 1 acre ? 

Observe in the above question, that 1 acre contains 
160 square rods; and, that this number of square rods is 
the product of the two factors that denote the width and 
length of the lot. See Problem V, page 21. 

86. What must be the depth of a house lot, that mea- 
sures 72 feet on the front, to contain 9432 square feet ? 

87. What must be the length of a stick of hewn timber, 
that is 10 inches wide and 1 ft. 3 in. deep, in order that 
the stick shall contain 1 ton ? 

Observe in this question, that the number of cubic 
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inches in a ton, is the product of the three factors which 
denote, in inches, the width and depth and length of the 
stick. See Problem viii, page 22. 

88. What must be the length of a pile of wood that is 
4 feet wide and 3 feet high, in order that the pile shall 
contain 1 cord, that is, 128 cubic feet ? 

89. Suppose a pile of wood to be 11 feet long and 3 
feet wide; how high must it be^to contain 2 cords 4 feet 
of wood and 10 cubic feet ? 



X. 

FRACTIONS. 

A FRACTION signifies one or more of the equal parts 
into which a unit, or some quantity considered as an in- 
teger, or whole, is divided. 

A fraction is expressed by two numbers or terms^ 
written one above the other, thus, |. The lower term 
— called the denominator — denotes the number of equal 
parts into which the integer is divided; and the upper 
term — called the numerator — indicates what number 
of those equal parts the fraction expresses. 

We may not only consider a fraction as a certain num- 
ber of part^ of a unit, but, may also view it as a part 
of a certain number of units. Thus, f may either be 
considered as 2-thirds of 1, or, 1 -third of 2; for 1 -third 
of 2 is the same quantity as 2-thirds of 1. Hence, if the 
numerator of a fraction be viewed as an integer, and 
divided into as many equal parts as the denominator in- 
dicates, the fraction may be regarded as expressing one 
of these parts. Thus, if 4 be divided into 6 equal parts, 
the fraction f expresses one of these parts. 

Fractions generally have their origin from the division 
of a number by another which does not measure it; the 
excess of the dividend, above what can be measured by 
the divisor, being the numerator, and the divisor being 
the denominator, as shown in Art. YI. 

If the numerator of a fraction be made equal to the 
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denominator, the fraction becomes equal to unity; dius 
|=:1. If the numerator be greater than the denominator, 
tne fraction is equal to as many units as the denominator 
is contained times in the numerator ; for example ^=3. 
Hence, a fraction may be viewed as an unexecuted di/vi' 
sion; the divisor being written under the dividend. It 
follows, also, that since any number divided by 1 gives 
the same number in the quotient, any number may be 
expressed as a fraction by making 1 its denominator. 
For example, 17 may be expressed thus, Y* 

The following propositions concerning fractions, should 
be distinctly noticed. 

PROPOSITION I. ^s many times as the numerator is 
made greater ^ so many times the fraction is made greater; 
and^ as many times as the numerator is made smaller^ so 
many times the fraction is made smaller. Hence, a frac- 
tion is multiplied by multiplying the numerator^ and 
divided by dividing the numerator, 

PROPOSITION II. As many times as the denominator is 
made greater, so many times the fraction is made smaller; 
and as many times as the denominator is made smaller , 
so many times the fraction is made greater. Hence, a 
fraction is divided by multiplying the denominator, and 
multiplied by dividing the denominator. 

PROPOSITION III. When the numerator and denomina- 
tor are both multiplied, or both divided by the same num- 
ber, the quantity expressed by the fraction is not thereby 
changed. 

A PROPER FRACTION is a fraction whose numerator 
IS loss than its denominator; as ^. 

An IMPROPER FRACTION is a fraction whose numerator 
equals, or exceeds rts denominator; as |, V. 

A number consisting of an integer with a nraction an- 
nexed, as 14|, is called a mixed number. 

A COMPOUND FRACTION is a fraction of a fraction; as 
|of^. fof/joff. 

A COMPLEX FRACTION is that which has a fraction 
either in its numerator, or in its denominator, or in both 

of Uiem; thus, ^ ' ^ ' ^ * 
4 
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REDUCTION OF FRACTIOxNS. 

Reduction of fractions consists in changing them 
from one form to another, without altermg their value, 

CASE I. To reduce a fraction to its lowest terms; 
that is, to change the denominator and numerator to the 
smallest numbers that will express the same quantity. 

RULE. Divide both terms of the fraction by their 
greatest common measure ^ and the two quotients will be the 
lowest terms of the fraction. See Prob. ix, page 22. 

"When the greatest common measure is readily per- 
ceived, the fraction may be reduced mentally. For in- 
stance, the greatest common measure of the terms of the 
fraction -^^ , is 4, and the only notation nfecessary in the 
reduction, is, ^®5=f . 

Dividing the terms of a fraction by a common measure 
which is not the leasts will reduce it in some degree, and 
when thus reduced, it may be reduced still lower by 
another division, and so on, till no number will measure 
both the terms. For example, to reduce ^f, divide by 2, 
and the result is ^i; again, divide by 3, and the result is 
^. Here the fraction is known to be in its lowest terms, 
because the terms are prime to each other. 

1. Reduce -^^^ to its lowest terms, by repeatedly 
dividing the terms by any common measure. 

2. Reduce -^-^q to its lowest terms, by dividing the 
terms by their greatest common measure. 

3. Reduce each of the following fractions to its lowest 

foKTYia 92 270 384 156 720 * 3108 

terms. 120 • re's' lua- rrs- jtts' ^35- 

CASE II. To reduce a whole number to an improper 
fraction. 

RULE. Multiply the whole number by the proposed 
denominator y and the product will ]>e the numer€Uor. 

When the quantity to be reduced is a mixed number j 
the numerator of the fraction in the mixed number must 
be added to the product of the whole number, and their 
sum will be the numerator of the improper fraction. 
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16 
9 

144 Ans. ^^ 



4. Reduce 16 to a fraction whose denominator Is 9. 

In 1 unit there are 9-ninths; 
therefore, there are 9 times as 
many ninths as there are units in 
any number. 

6. Reduce 75 to a fraction whose denominator is 13. 

6. Reduce 3 to a fraction whose denominator is 342. 

7. How many fifteenths are there in 74 ? 

8. How many eighths of a dollar in J|t647 ? 

9. Reduce 36 y to an improper fraction. 



36 1 

7 

256 Ms. ^^ 



In this example, we add the 
3-sevenths to the sevenths pro- 
duced by the multiplication of 36 
by 7, and thus obtain ^^^. 

10. Reduce 25^ to an improper fraction. 

11. Reduce 61 5^4? ^o ^^ improper fraction. 

12. How many sixteenths of a dollar in $541^^ ? 

CASE III. To reduce an improper fraction to a whole 
number, or a mixed number. 

RULE. Divide the numerator by the denominator, and 
the qxwtient wilf be the whole, or mixed number. 

13. Reduce ^|^ to a whole, or mixed number. 



8)362 



45f=^45^ 



Since | are equal to 1 unit, 
there are as many units in ^|^ as 
there are times 8 in 362. 

14. Reduce ^|^ to a whole, or mixed number. 

15. How many units are there in ^-^yt^ ^ 

16. How many dollars in ^^ of a dollar ? 

CASE IV. To reduce a compound fraction to a sim- 
ple, or single fraction. 

RULE. Multiply alt the numerators together for a new 
numerator, and all the denominators for a new denomi- 
nator: then reduce the new fraction to its lowest terms. 

When any numerator is equal to any denominator, the 
operation may be abbreviated by rejecting both. 

If part of the compound fraction be an integer, or a 
mixed number, it must first be reduced to an improper 
fraction. 
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17. Reduce |^ of f of f of 6 to a simple fraction. 



ixfx|xf=ii=| 



14 
5 



Here the common term, 3, is 
omitted in the multiplication. 

18. Reduce f of ^\ to a simple fraction. 

19. Reduce \ of -^^ ^^^f ^^ ^ simple fraction. 

20. Reduce |} of i|j of 2^^ to a simple fraction. 

21. Reduce ^ of f ot f of 5 to a simple fraction. 

CASE V. To reduce a fraction from one denomination 
to another. 

RULE. Multiply the proposed denominator by the 
numerator of the given fraction, and divide the product 
by the denominator of the given fraction; the quotient 
toill be the numerator of the proposed denominator. 

22. Reduce -| to a fraction whose denominator shall be 
14: or, in other words change 5-sixths to fourteenths. 

^ is equal to -t of ^, and | is 
5 times as much : we therefore 
find 5 times 14-fourteenths and 
take ^ of this product for the 
required fourteenths. 

23. How many fifths are there in |^ ? 

24. i\ is equal to how many twenty-fourths ? 

25. Reduce f to a fraction whose denominator is 4. 

26. How many twelfths of 1 shilling in ^ of 1 s. f 

CASE VI. To reduce the lower denominations of a 
compound number to the fraction of a higher denomination. 

RULE. Reduce the given quantity to the lowest denomi- 
nation mentioned, and this number toill be the numerator: 
then reduce a unit of the higher denomination to the same 
denomination with the numerator, and this number will 
be the denominator. 

27.. .Reduce 7oz. 18dwt. 13gr. to the fraction of a 
pound. 

We find, that 7oz. 18dwt. 13gr. when reduced to 
grains, gives 3805 for the numerator ; and 1 pound when 
reduced -to grains, gives 5760 for the denominator. 
Therefore, ||^ =^^^ is the fraction required. 

28. Reduce 4 s. 9d. 3qr. to the firaction of £1* 
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29. Reduce 3^ inches to the fraction of a yard. 

30. What fraction of a hogshead is 9 gal. 2 f pt. ? 

31. Reduce dcwt. 81b. 4oz. to the fraction of a ton. 

CASE VII. To reduce the fraction of a higher denomi- 
nation to its value in whole numbers of lower denomination. 

RULE. Multiply the numercUor by that number of the 
next lower denomination which is required to make a unit 
of the higher J and divide the product by the denominator; 
the quotient will be a whole number of the lower denomi- 
nation J and the remainder will be the numerator of afrac- 
tion* Proceed with this fraction as before^ and so on. 

It will be readily perceived, that the fraction of a higher 
denomination is reduced to the fraction of a lower, by 
multiplying the numerator by the numbejr of units of the 
lower, required to make a unit of the higher. Thus, f of 
a bushel is 4 times as many fifths of a peck; that is, ^/ of 
a peck. Agam^ y of a peck is 8 times 12-fifths, that 
is, ^-^ of a quart; and again, ^-^ of a quart is 2 times 
96-fifths, that is, A^ of a pint. If the denominator be 
multiplied, instead of the numerator, the effect is the re- 
verse, and the fraction is reduced to a higher denomination. 
Thus, I of a pmt, (the 6 being multiplied by 2,) becomes 
i^Q of a quart; -^q of a quart, (the 10 being multiplied by 
8,) becomes ^ of a peck; and /q of a peck, (the 80 
being multiplied by 4,) becomes -^ of a bushel. 

32. Reduce \^ of a gallon to its value in quarts, &c. 

We find by multiplication, that 

\i of a gallon is 4^ of a quart; 
and, by division, Uiat 4^ <^f ^ 
quart is 3qt. and -^t^ of a quart. 
We then find, that i^ of a qt. is 
^ of a pint; and^ that ^ of a pt. 
is 1 pt. and yj^ of a pt. And thus, 
by findmg the units of one de- 
nomination at a time, we finally 
obtain the whole answer, which, 
denoted as a compound number, 
is 3qt. Ipt. l^gi* 

33. Reduce f of £ 1 to its value in shillings ftc. 

4* 
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34. Reduce ^ of a yard, to its value in feet, &c. 

35. In -^ of Icwt. how many quarters, pounds, &c..^ 
36« Reduce ^§ of a bushel to pecks, quarts, and pints. 

CASE VIII. To reduce fractions to a common denomi- 
nator; that is, to change two or more fractions which have 
different denominators, to equivalent fractions, that shall 
have the same denominator. 

RULE ist. Multiply each numerator into all the denom- 
inators except its own^ for a new numerator. Then mul- 
tiply all the denominators together for a new denominator^ 
and place it under each new numerator, 

RULE 2Dd. Find the least common multiple of the given 
denominators for the common denominator; then divide 
the common denominator by each given denominator and 
multiply the quotient by its given numerator; the several 
products will be the several new numerators. (See 
Problem x, page 23.) 

The 1st. of the above rules is convenient wh0n the 
terms of the fractions are small numbers, but the 2nd. is 
otherwise to be preferred, as it always gives a denomina- 
tor which is the least possible. Other methods of finding 
a common denominator will occur to the student, after 
further practice. 

If any of the fractions to be reduced to a common de- 
nominator be compound J they must first be simpUfied. 

37. Reduce |, -15, -^ and ^ to a common denomi- 
nator. 

In this example, the least common denominator is found 
to be 840. Then, the several numerators of the common 
denominator are found as follows. 

840-^ 8 = 105, and 105 X 5 = 525. Ans. i=m 

840-T-12= 70, and 70X11=770. ii=FirJ 

840-Hl4= 60, and 60X 9 = 540. ^i=fj§ 

840-7-15= 66,anA 56X13 = 728. il=Flf 

38. Reduce -^79 t^ and -^ to a common denominator. 

39. Reduce f , i^) ^ ^^ I to a common denommator. 

40. Reduce -^ and y| to a common denominator. 

41. Reduce | and | of ^ to a common denominat<M:. 
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CASE IX. To reduce a ^^omplex fraction to a simple 
fraction. 

RULE. If the numerator or denominator j or both^ be 
uhole or mixed numbers^ reduce them to improper frac- 
tions: mulHply the denominator of the lower fraction into 
the numerator of the upper^ for a new numerator; and 
multiply the denominator of the upper fraction into the 
numerator of the lower j for a new denominator, 

42. Reduce oir t<) ^ simple fraction. 

The operation. ^=l—^J—^ Ans. -«» 

43. Simplify each of the following complex fractions. 

1. 12. Sj. 3i.21. 6|. 2i. 
i 5 8 5i 4} 7^ 1| 



ADDITION OF FRACTIONS. 

ft 

Fractions are added by merely adding their numera- 
tors, but they must be of the same integers; we cannot 
immediately add together f of a yard and | of an inch^ 
for the same reasons that we cannot immediately add 
together 6 yards and 3 inches. They must, also, be of 
the same denomination; we cannot immediately add to- 
gether /owrfA* Bnd fifths. 

RULE. Reduce compound fractions^ (if there be any).^ 
to simple fractions, and reduce all to a common denomi- 
nator; then add together the numerators, and place their 
sum over the common denominator. If the result be an 
improper fraction, reduce, it to a whole or mixed number, 
44. Add together, 3^, |, 8| and |. 

By operations not here de- 
noted, we find the common de- 
nominator to be 360; and also 
find the several new numerators. 
The sum of the fractions is fU 
= 2f^, which, added to the 

T^liI iir o27i whole numbers, gives the total 
13M hh=^m I sum^ i3|7i 



360 



3^ 


280 




225 


sl 


2X6 


1 


270 
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45. Add together, 9f , 12^, t%, | and 21f . 

46. What is the sum of -^+1+^+1+ A -^ 

47. What is the sum of 19^+i of |+2^+^ ? 

48. What is the sum pf ^ of A^+ST + e^-frr ^ 

49. Find the sum of ^ of a shilling and f of a penny ? 
In this example, first reduce the ^ of a shilling to pence, 

and the fraction of a penny. 

50. Find the sum of ^ of a gallon and f of a gill. 

51. What is the sum of 5| days and 52^ mmutes ? 

52. What is the sum of ^ of a cwt., 8|lb. and 3««t^^oz. ? 

SUBTRACTION OF FRACTIONS. 

As in addition of fractions we find the sum of their 
nutuerators, so in subtraction of fractions we find the 
difference of their numerators. 

RULE. If either quantity be a compound fraction^ re- 
duce it to a simple fraction^ and if the two fractions have 
different denominators^ reduce them to a common denom- 
inator. Subtract tht numerator of the subtrahend from 
the numerator of the^ minuend, and place the remainder 
over the common denominator. 

When the minuend is a mixed number, and the frac- 
tion in the subtrfihend is greater than that in the minu- 
end, subtract the numerator of the subtrahend from the 
denominator, and to the difference add the numerator of 
the minuend; and consider the integer of the minuend 
to be 1 less than it stands. 

It is not always obvious, which of two fractions ex- 
presses the greater quantity. In such case, the fractions 
are denoted with a character between them, thus, ^| v/> |j ; 
and the greater is discovered by reducing them to a com- 
mon denominator. 

53. What is the difierence between 24^ and 26 f ? 

Here the fraction in the sub- 
trahend is the greater, and we 
are obliged to convert a unit into 
seventy-seconds to obtain a quan 
tity from which to sCfbtract ||. 



72 



26| 27 

7 



24^ 56 



43 

T5 



1^ 

54. What is the difference between ^ from ^ ? 
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55. Perform subtraction on ^ c/) j^ . 

56. What will remain if 51/^ be taken from S4f ? 

57. Subtract 1^ of I from 36t^ . 

58. What is the d^erence between 4^ and 10-A^? 

59. What wUl remain if f of | be taken from a umt ? 

60. What is the difference between -^ and ^ ? 

61. 4f — 5 of I of f is equal to what quantity? 

MULTIPLICATION OF FRACTIONS. 

The following rules for multiplication of fractions^ are 
based on the Propositions i, and ii, stated in page 37. 

CASE I. To multiply a fraction by a whole number. 
RULE. Either multiply the numerator^ or divide the 
denominator by the tohole number, 

CASE II. To multiply a whole number by a fraction, 
RULE. Multiply the whole number by the numerator, 
and divide the product by the denominator. 

CASE III. To multiply a fraction by a fraction. 
RULE. Multiply numerator by numerator , and denom- 
inator by denominator, for a new fraction. 

When both factors are mixed numbers, it is generally 
more convenient to reduce them to improper fractions 
and then proceed according to the rule under Case iii. 

The effect of multiplying any quantity by a proper 
fraction is, to give in the product, such a part of the 
quantity multiplied as the fraction indicates. Thus the 
product must be less than the multiplicand. This effect 
of the operation will appear consistent with the principle of 
multiplication, when it is considered, that multiplying any 
number by 1, gives only the same number in the pro- 
duct; and, therefore, multiplying by less than 1, must give 
a product less than the number multiplied. 

62. Multiply §1 by 9. UX^ = ^p--=^W^^^ 

63. Multiply 49 by |. (See rule under Case n.) 

64. Multiply ^ by |. (See rule under Case in.) 

65. Multiply 6-^ by 3-^. (Remark under Rule iiu) 

66. What is the product of ^ by 15 ? 
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67. What 13 the product of 9241 by -^ ? 

68. What is the product of -j^^ by ff ? 

69. What is the product of 8y% by 12^^ ? • 

70. Which is the most, | X 65, or, 65 X J ? 

71. What is the product of 294 |f by 25 ? 

In this example, it will be most convenient to find the 
product of the whole numbers without regard to the frac- 
tion first; then find the product of the fraction in a sepa- 
rate operation, and, finallj^, add the two products together. 

72. What is the product of 361 by 34^-^ ? 

73. How many square inches of paper in a sheet that 
is 14^ inches long, and llf inches wide ? 

DIVISION OF FRACTIONS. 

The rules for division of fractions, like those for multi- 
plication, are based on Propositions i, and ii. 

CASE I. To divide a fraction by a whole number. 
RULE. Either divide the numeratoVy or multiply the 
dmominator^ by the whole number. 

CASE II. To divide a whole number by a fraction. 
RULE. J\fultiply the whole number by the denominU' 
tor, and divide the product by the numerator, 

CASE III. To divide a fraction by a fraction. 
RULE. Invert the divisor , and then proceed as in mul- 
tiplying a fraction by a fraction. 

Observe, that the operation of this last rule is, to mul- 
tiply the denominator of the dividend by the numerator 
of the divisor for a new denominator, and the numerator 
of the dividend by the denominator of the divisor for a 
new numerator. 

'Compound fractions are to be reduced to simple ones^ 
and mixed numbers to improper fractions, before the 
adoption of either of the above rules. 

74. Divide T?5 by 8. ^^'^S = i^^=-^' An$. 

75. Divide 14 by -i^. (See rule under Case ii.) 

76. Divide A by f . (See rule under Case iii.) 

77. Divide tbe compound jfraction ^ of ^ by 6. 




X. FRACTIONS. 47 

78. Divide 325 by the mixed number 5|. 

79. What is the quotient of f^ divided by 13? 

80. What is the quotient of 57 divided by -{^ ? 

81. What is the quotient of /^ divided by -fj ? 

82. Divide | of ^^ by f of J of | . 

83. What is the quotient of 91 f divided by 15 ? 

84. What is the quotient of 206 1 divided by 9^^ ? 

85. How many times is f J contained in 319 ? 

86. How many times is 19| contained in 99^ ? 

87. How many times |^ of an inch in -^q of a yard ? 
First, reduce th^ ^q of a yd. to the fraction of an inch. 

88. How many times | of a gill in 3 barrels ? 

89. Suppose a wheel to be 1 1^\ feet in circumference; 
how many tipies will it roll round in going 39 f rods ? 

MISCELLANEOUS EXAMPLES. 

In the following examples, all fractions which appear 
in the answers, must be reduced to their value in whole 
numbers of lower denominations, whenever there is op- 
portunity for such reduction. 

90. What distance will a car run in 9| hours, allowing 
its velocity to be 23 1 miles an hour ? 

91. Suppose a car wheel to be 8 feet 7 inches in cir- 
cumference, how many times will it turn round in mnning 
46 5 miles ? 

92. If 3|cwt. of sugar be taken from a hogshead con- 
taining 14cwt. Iqt. 6^ lb., how much will remain in the 
hogshead ? 

93. What is the sum of 16f cwt., 7cwt. 3qr. 8^1b., 
2T. 19|cwt., 2cwt. l^qr., and | of a ton ? 

94. A farmer owning 1 32 1 acres of land, sold 46 A. 
3R. 12 r. How much land bad he remaining ? 

95. What is the value of 36 f acres of land, at $47| 
per acre ? 

96. What is the value of 15^ barrels of flour, at 
$4.62i per barrel? 

97. nhat is the value of a load of wood, containing 
6 feet, [| of a cord,] at $5.25 per cord ? Or, what is | 
of $6.25? Or, #5.25X|=? 
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98. How much land is there in a square lot, measuring 
354^ rods on every side ? (See page 28.) 

99. What quantity of land in a lot, which is 65^ rods 
long and 47^ rods wide ? 

100. What quantity of wood is there in a pile, 14^ 
feet long, 3^5 feet wide, and 6^^ feet high ? 

101. Suppose a lot of land to be 6^ rods wide, how 
long must it be, to contain 1 acre ? (See Prob. v, page 
21. Consider that 1 acre contains 160 rods.) 

102. What quantity of loaf sugar must be sold at 19^^^ 
cents per pound, that the price shall amount to $524? 

103. What cubical quantity of earth must be removed, 
in diggmg a pit, 13^ feet deep, 12^ feet long, and 9f 
feet wide ? 

104. What quantity of hewn timber is there in a stick 
that is 12^ feet long, 2\ feet deep, and 1| foot wide ? 

105. Suppose a stick of timber to be 1^^^ foot deep, 
and 8 inches wide; what must be the length of the stick, 
in order that its quantity shall be 1 ton of hewn timber ? 
(See Prob. viii, page 22. Consider a ton as the pro- 
duct of three factors.) 

106. Suppose wood to be piled on a base 18 feet long 
and 7| feet wide, what must be the height of the pile, to 
contain 9^ cords ? 

107. What quantity of molasses in 4 casks, containing 
severally, 55^^al., 31|gal., 27y^7gal., and 58^ gal.? 

108. What IS the cost of 486 J bushels of corn, at 62 ^ 
cents per bushel ? 

109. Suppose 6^ gallons to have leaked from a hogs- 
head of wine, what is the value of the remainder of the 
wine, at 87^ cents per gallon ? 

110. How many bottles, each holding 1^ pint, are re- 
quired for bottling 3 barrels of cider ? 

111. Suppose 4^ gallons of cider to have evaporated 
from a barrel; what number of bottles, each holding Ipt. 
S^gl*) will be required to bottle the remainder ? 

112. What is the vahie of 142^ tons of coal, at 7| 
dollars per ton ? 

113. What is the value of | of a bushel of wheat, at 
the rate of | of a dollar per bushel ? [ | X }= -^ ] 
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114. If Ibogshead [63 gal.] of molasses cost $26f , 
what is the cost of 1 g^on ? 

115. What is the cost of 7hhd. 6^ gal. molasses, at 
11^ cents per gallon ? 

116. What is the cost of 26 yards 3^ quarters of rib- 
bon, at 19 J cents per yard? 

117. If 5:1 cords of wood cost $26^, what is the cost 
of 1 cord ? 

118. What is the value of 16 f tons of hay, at 11| 
dollars per ton ? 

119. What is the value of lib. 6oz. l^dwt. of silver, 
at 20 J cents per pennyweight ? 

120. If 16 1 yards of broad-cloth cost 1 86.24, what 
is the cost of 1 yard ? 

121. At 5s. 3^d. per yard, what is the cost of 78f 
yards of cambric, m pounds, shillings, and pence ? 

122. If 492| yards of cloth cost £68 4 s. lOd., what 
is the cost of 1 yard ? 

123. If 18| yards of cotton cost 12s. 9d., what is the 
cost of 1 yard ? 

124. What is the value of 5768ilb. of coffee at 10| 
pence per pound ? ^ 

125. At what price per pound must I sell 432^ pounds 
of coffee, in order to receive J£27 3s. for the whole ? 

126. If £448^ be equally divided among 76 men, 
what will each man receive ? 

127. If ^ of a yard of cloth cost jj(3, what is the price 
ofl yard? Or, $3H-^=? 

128. U7\^ barrels of apples cost $21^, what is the 
cost of 1 barrel of the apples ? 

129. If 4| gallons of molasses cost $2|, what is the 
cost of 1 quart ? 

130. If 1^ hogshead of wine cost $250|, what is the 
cost of 1 quart ? 

131. Bought 5 yards of silk, at $2|per yard; 15^ 
yards of ribbon, at 12^ cents per yard; 17 pairs of gloves, 
at 68^ cents per pair; and 16^ vards of lace, at $3|- per 
yard. What is the whole cost ? 

1 32. Bought 6 ^ pounds of tea, at 87 ^ cents per pound ; 
15^ pounds of sugar, at 11^ cents per pound; 13 j^ pounds 

5 
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of coffee 8t 121 cents per pound; and 16j^ gallons of 
molasses, at |^ of a dollar per gallon. What is the whole 
cost ? 

133. Bought 9^ barrels of cider, at $2^ p6r barrel; 
8 barrels of apples, at ^ 1| per barrel; 16 boxes of raisins^ 
at $2.62^ per box; 23:|^ pounds of almonds, at 14| cents 
per pound. What is the whole cost ? 

134. Bought 368^ bushels of wheat, at |^ of a dollar 
per bushel; 420 bushels of rye, at 96 J cents per bushel; 
146^, bushels of corn, at | of a dollar per bushel; and 
651^ bushels of oats, at 23f cents per bushel. What is 
the whole cost ? 

135. A purchased of B, 75 f tons of iron at $9.61^ 
per ton. What quantity of coffee, at 12 A cents per pound, 
must A sell B, to cancel the price of the iron? 

136. C purchased of D, 1397 hogsheads of molasses, 
at 15 1 cents per gallon; and D, at the same time, pur- 
chased of C, 896 J tons of iron, at $9^ per ton. How 
much was the balance — and to whom was it due ? 

137. What is the sum of i4, ^^, ^, |i, if, ^f , ^ , 

138. Suppose -^Q of -^^ of ^^ to be a minuend, and | 
of f of ^ of I a subtrahend; what is the remainder ? 

139. What is the product of ^ of | of | of 100, multi- 
plied by j of | of | of | of 75 .? 

140. What is the quotient of | of 1 of i^, divided by 
^ofiloffofifoff.? 

141. Suppose the sum of two fractions to be |, and 
one of the fractions to be -^q ; what is the other ? (See 
Problem i, page 20.) 

142. Suppose the greater of two fractions to be^l^, 
and their difference to be ^§ ; what is the smaller fraction ? 
(See Prob. i;, page 20.) 

143. Suppose the smaller of two fractions to be f^i 
and their difference to be ^ ; what is the greater fraction ? 
(See Prob. hi, page 21.) 

144. What are the two fractions, whose sum is ^ , and 
whose difference is -^jf (See Prob. iv, page 21.) 

145. If -^-^j be the product of two factors, one of which 
is ^, what is the other i (See Prob. y, page 21.) . 
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146. Suppose ^ to be a dividend, and ^ a quotient; 
what is the divisor? (See Prob. vi, page 21.) 

147. What must be that dividend, whose divisor is 
If and whose quotient is f ? (SeQ Prob. vii, page 22.) 

148. Suppose the product of three factors to be ^, 
one of those factors being |, and another ^ ; what is the 
the third factor? (See Prob. viii, page 22.) 

149. A merchant owning^ of a ship, sold f of what 
he owned. What part of the whole ship did he sell ? 

150. A merchant owning ^ of a ship, sold ^ of what 
he owned. What part of the ship did ne still own ? 

151. If I buy -f^ of I of a ship, anc^sell f of what I 
bought, what part of the ship shall I have left ? 

The kind of fractions, which have been treated in this 
article, are called Vulgar fractions^ or Common frac- 
iohSy in distinction from another kind, called Decimal 
fractions, or simpl/ Decimals, 
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DECIMAL FRACTIONS. 

A DECIMAL FRACTION is a fraction whose denominator 
is 10, or 100, or 1000, &c. The denominator of a decimal 
fraction is never written: the numerator is written with a 
point prefixed to it, and the denominator is understood 
to be a unit, with as many ciphers annexed as the nume- 
rator has places pf figures. Thus, .5 is i^q, .26 is ^^j 

•907is^9o%'o- 

When a whole number and decimal fraction are written 

together, the decimal point is placed between them. 

Thus, 68.2 is 68y% , 4.87 is 4-^^^. 

In the notation of whole numbers,.any figure, wherever 

it may stand, expresses a quantity -^ as great as it would 

express if it were written one place further to the left : 

and so it is in the notation of decimal fractions — ^the same 

system is continued belo\v the place of units. The first 

place to the right of units is the place ofUnthe; the secondi 
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of hundredths; the third, of thousandths; the fourth, of 
ten-thousandths; and so on. 

Ciphers placed on the right hand of decimal figures, do 
not alter the value of the decimal; because, the figures 
still remain unchanged in their distance fi*om the unit's 
place. For instance, .5, .50, and .500 are all of equal 
value, — they are each equal to ^ . But every cipher that 
is placed on the left of a decimal, renders its value ten 
timQs smaller, by removing- the figures one place further 
from the unit's place. Thus, if we prefix one cipher to 



.6, it becomes .05 



y^] ; if we prefix two ciphers, it 



becomes .005 [ylfool^ ^^^ ^^ ^^* 

To READ DECIMAL FRACTIONS — Enumerate and read 
the figures as they would be read if they were whole nt*m- 
bersy and conclude ^y pronouncing the name of, the lowest 
denomination. 

1 . Read the several numbers in the following columns* 
.99 .2008 4.008 24.09 

.064 .00006 6.37002 630.1174 

.0003 .03795 .99999 6.972479 

i5237 .130009 5.0001 28.797 

2. Write in decimals the following mixed numbers. 

9Q 6 ty 21 . 0*7 42 A 251 
'^^TOOO ' looo ^'Tooo "T0 0§0 
fiK , 8 IQ 342_ fi 1251 KK 2 91 



ADDITION OF DECIMALS., 

3. Add the following numbers into one sum. 151.7 
+ 70.602+4.06+807.2659. 



151.7 
70.602 

4.06 
807.g659 

1033.6279 



In arranging decimals for addition, 
we place tenths under tenths, hun- 
dredths under hundredths, &c. We 
then begin with the lowest denoiifii- 
nation, and proceed to add the col- 
umns as in whole numbers. 
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4. What is the sum of 266.94+9121.7 + 8.3065? 

5. Add together .6517 + 19.2+2.8009 +61.0007+ 
•00009 +22.206+4.732. 

In Federal Money, the dollar is the unit; that is, dol- 
lars are whole numbers; dimes are tenths, cents are 
hundredths, and mills are thousandths. 

6. Add together $18.26, $4.09, $2.40, $231,076, 
$64^07, $50,258, $10.09 and 25cts. 

7. Write the following sums of money in the form of 
decimals, and add them together. $1 and Icent, 37 
cents, $25 and 7 dimes, 65 cents, $15, 9 dimes, 8 mills, 
4 cents and 3 mills, -^q of a mill, $7 and 8 cents, -^^ of a 
mill, 36y^ cents, 10 eagles and 25 dollars, and 7 cents. 

SUBTRACTION OF DECIMALS. 

8. Subtract 4.16482 from 19.375. 



19.375 
4.16482 

15.21018 



After placing tenths under tenths, 
&c., we subtract as in whole num- 
bers. The blMik places over the 2 
and 8 are viewed as ciphers. 

9. Subtract 592.64 from 617.23169. 

10. Subtract 48.06 from 260.3. 

11. Subtract .89276 from 12690.2. 

12. Subtract .281036 from 61. 

13. What is the difference between 1 and .1? 

14. What is the difference between 24.367 and 13 ? 

15. What is the difference between .136 and .1296 ^ 

16. Write 8 dollars and 7 cents in deciitial form, and 
subtract therefrom, 48 cents and 1 mill. 

17. Subtract 9 dimes and 6 mills from 15 dollars. 

MULTIPLICATION OF DECIMALS* 

Multiplying by any fraction, is taking a certain part of 
the multiplicand for the product; consequently, multiply- 
ing one fraction by another, mu?t produce a fraction 
smaller than either of the factors. For example, -^X-^ 
=i\^; or, decimally, .4X.3==.12. Hence observe, 
that the nunlber of decimal figures in any product, must 

5* 
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be equal to the number of decimal figures in both the 
factors of that product. 

RULE. Multiply as in tohole numbersy and in the 
product J point off as many figures^ for decimals^ as there 
art decimal places in both factors. Jf the number of 
figures in the product be less than the number of decimal 
places in both factors, prefix ciphers to supply the defi" 
ciency* 

18. Find the product of 658 by .249. 7.06 by 3.65. 
.593 by 5.62. .146 by .244. 

658 . 7.06 5.93 .146 

.249 3.65 .562 .244 



5922 3530 1186 584 

2632 4236 3558 584 

1316 2118 2965 292 



173.842 25.7690 3.33266 .035624 



19. Multiply 428 by .27; that is, find .27 of 428. ' 
20* What is the product of 3.067. by 8.2 } 

21. What is the product of;6247 by 23 ? 

22. What is the product of .099 by .04 .? 

23. What is the product of .113 by .0647 ? 

24. What is 7.03 X .9 X 31.6 X 28.758 = .? 

25. Multiply 9 dolls. 7cts. 6 mills [9.076] by 46. 

26. What cost 28 yards of cloth, at $7,515 per yd.? 
27^ What cost 15.9yd. of cloth, at $9,427 per yd.? 

28. What cost 275 lemons, at 9 mills apiece ? 

29. At 7 cents and 3 mills per yard, what is the value 
of 18704 yards of satin ribbon ? 

30. What is the value of a township containbg 30519.75 
acres of land, at 4 dolls. 8cts. and 5 mills per acre ? 

31. What .is .06 of 1532 dollars? Or, what is the 
product of 1532 multiplied by .06 ? 

32. What is 03 of 476 dollars and 78 cents ? 

33. If an insurance office charge .015 of the value of a 
house for insuring it against fire, what will be (he expense 
of insuring a house, valued at $437.25 ? 

34. Multiply 26.000375 by .00007. 

35. What is the product of 3.62981 by 10000. ^ 
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The learner will perceive, that any decimal number isr 
multiplied hj 10, 100, 1000, &c., by merely removing 
the decimal point asanany places to the right hand as there 
are ciphers in the multiplier. Thus, 6.25 X 10 = 62.5. 
6.25X1000:^6250. 

DIVISION OF DECIMALS. 

It has been shown, in multiplication of decimals, that 
there must be as many decimal places in a product as 
there are in both its factors; and it follows, that, in divi- 
sion of decimals > there must be as many decimal places 
in the divisor and quotient together, as there are m the 
dividend. Therefore, the number of decimal places in 
the quotient must be equal to the difference 'between the 
number of decimal places in the dividend, a^d the num- 
ber of decimal places in the divisor. 

RULE Divide a$ in whole numbers; and in the quo- 
tient j point off cts many jigures for decimals^ as the deci' 
mal places in the dividend exceed those in the divisor; 
that isy make the decimal places in the divisor and quotient 
counted together^ equal to the decimal places in the divi- 
dend. 

If there be not figures enough in the quotient to point 
offj prefix ciphers to supply the deficiency. 

When there are more decimal places in the divisor j 
than in the dividend^ render the places equals by annex- 
ing ciphers to the dividend, before dividing i 

.After dividing all ihe figures in the dividend, if there 
be a remainder, ciphers may be annexed to it, and the 
division continued. The ciphers thus annexed, must be 
counted voith the decimal places of the dividend. 

36. How many times is 57.2 contained in 2406.976 ? 

57.2)2406.976(42.08 

37. What is the quotient of 11.7348 by 254 ? 

254)1 1.7348(.0462 

38. What is the quotient pf 4066;2 by .648 ? * 

648)4066.200(6275 
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39. What is the quotient of 3.672 by .81? 

The sign of additiofij or 

more] here shows^ that the true 
quotient is more than the pre- 
ceding figures express. We 
might continue- the division, 
but we should never arrive at 
a complete quotient. For the 
purposes of business, it is sel- 
dom necessary to extend the 
quotient below thousandths; 
but, in the following exercises, 
those quotients that do not 
terminate, may be extended to 
millionths. 

40. How many times is 4.72 contained iri 637.631 f 

41. What is the quotient of 2.7315 by 74 } 



.81)3.672(4 5333+ 
324 

432 
405 

270 
243 

270 
243 

270 
243 

27 



42. What 

43. What 

44. What 

45. What 

46. What 

47. What 

48. What 



is the quotient of 409.867 by .5306 f 

is the quotient of 125 by .1045 ? 

is the quotient of 709 by 3.574 ? 

is the quotient of 7382.54 by 6.4252.^ 

is the quotient of 715 by .3075 f 

is the quotient of 267.15975 by 13.25 } 

is the quotient of .0851648 by 423 ? 

49. What is the quotient of .009 by ^00016 ? 

60. If 17 boxes of oranges cost* jjj 98.29, what is the 
cost of a single box ? 

51. If $550,725 be divideH equally among 15 men, 
what will be each man's share ? 

62. If 37.5 barrels of flour be divided equally among 
25 men, how much ^ill each man have ? 

63. If 46.75 yards of cloth cost $261,702, what is 
the cost of 1 yard of the cloth } 

54. Divide 3712 by 42; annexing ciphers to the re- 
mainders, until eight decimal figures are obtained in the 
quotient.' 

65. What is the quotient of 9 divided by 266 } 
^In this example it will be necessaiy to annex a sufli- 
cient number of decimal ciphers to tne dividend, before 
the operation of dividing can be commencbd. 



k 
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66. Whftt is thp quotient 1 divided by 8 ? 

67. What is the quotient of 62 divided by 97? 

68. Divide 1 by 2. 3 by 4. 10 by 12. 3 by 16. 
2 by 13. 6by26. 14 by 15.. 40 by 72. 7 by 699. 

Any decimal number is divided by 10, 100, 1000, &c. 
by merely removing the decimal point as many places to 
the left hand as there are ciphers in the divisor. Thus 

14.8 -T-10= 1.48 14.8 -7-1000= .0148 

< 

REDUCTION OF DECIMALS. 

CASE I. To reduce a vulgar fraction to a decimal. 
RULE. Divide the numerator by the denominator^ and 
the quotient will be the decimal, 
59. Reduce |- to a decimal. 



8)7.000 



Decimal ciphers are here annexed 
to the dividend as directed in the 
rule for division of decimals. 



.875 Ans. 

60. Reduce the fractions ^, |, ^, |^, \\j ^, -^j 
and YHT? ^^ decimals. 

61. Simplify | of ^, and reduce it to a decimal. 

62. Reduce :|- of f of ^ to a decimal. 

63. What is the decimal expression of 247^^ f 

64. Reduce f , A? and ^V ^^ decimals. 

The learner will discover, that the above fractions, f , 
^ , and -^ cannot be reduced to exact decimal expres- 
sions. The quotient of 2 by 3 is .6666, &c., contmually. 
The quotient of 2 by 11 is .181818, &c.; the same two 
figures being repeated continnally. The quotient of 1 by 
27 is .037037, &c.; the same three figures bemg repeated 
continually. Decimals of this kind are treated in the 
next Article, under the head of Infinite Decimals. For 
most purposes, however, threeov four decimal places will, 
express any fraction with sufficient accuracy, unless the 
integer of the fraction is of very high value. 

CASE u. To reduce a decimal to a vulgar fraction ., 
RULE. Write the decimal denominator under the dec^ 
imaij and erc^e the decimal point: view the expression 
€U a vulgar fraction J and reduce it to its lowest terms 
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65. Reduce .4375 to a vulgar fraction. 

.4375 =:-^^Jq% ; and to reduce this fraction to its lowest 
terms, we divide the terms by their greatest common 
measure, which is 265. The result is, -f^, 

66. Reduce .375 to a vulgar fraction. 

67. Reduce .76482 to a vulgar fraction. 

68. Reduce .510505 to a vulgar fraction. 

69. Reduce . 1084058 to a vulgar fraction. 

70. Reduce .04608128 to a vulgar fraction. 

CASE III. To reduce the lower denominations of a 
compound number to the decimal of a higher denomina- 
tion. 

RULE. Reduce the given quantity to a vulgar fraction^ 
(as taught in page 40), then reduce the vulgar fraction 
to a decimal. 

The decimal quotients which do not terminate, may, 
in the examples of this case, be extended as low as the 
seventh place. 

71. Reduce 12 s. 6d. 3qr. to the decimal of a £. 

72. Reduce 2qr. 14lb. to the decimal of a cwt. 

73. Reduce IR. 14 rods to the decimal of an acre. 

74. Reduce 13 dwt. 16 gr. to the decimal of a pound, 
Troy weight. 

75. Reduce Ipk. Ipt. to the decimal of a bushel. 

76. Reduce Ibl. to the decimal of a ton of wine. 

77. Reduce 4yd. 6 in. to the decimal of a mile. - 

78. Reduce 5 square yards to the decimal of an acre. 

79. Reduce 14 cubic feet to the decimal of a cord^ 

80. Reduce 21 h. 50m. 31 s. to the decimal of a year. 
. 81. Express £19. 13s. 9Jd. decimally; making the 
£ the unit, and the s. and d, a decimal. 

82. Reduce 17hhd. 9 gal. 3qt. Ipt. to a decimal ex- 
pression; the hogshead being the unit. 

83. Reduce 15 tons, Iqr. 14 oz. to a decimal expres- 
sion; the ton being the unit. 

84. Reduce 4 miles, 7 fur. 9r. 3yd. 6 in. to a decimal 
expression; the mile being the unit. 

85. Reduce 25 rods,19yd.7 ft. 115m., square measure, 
to a decimal expression; me rod being the unit. 
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86. What b the vahie of 416g&l. 3qt. 1 pt. of wme, at 

$1,359 per gallon? 

In this example, first reduce the quantity of wine to a 
decimal expression, — the gallon being the unit — and then 
multiply this quantity into the price of 1 gallon: the answer 
will be $566. 533 -|-. The following examples in this 
case are to be performed in like manner. 

87. What is the value of 57yd. 2qr. 3 na. of cloth, at 
$6.78 per yard? 

88. What is the value of 748^ yards of ribbon, at 9 
cents 8 mills [.098] per yard ? 

89. What is the value of 5741 yd. 3qr. of tape, at 7 
miDs [.007] per yard ? 

90. What is the value of 4cwt. Iqr. 191b. of raisins, 
at $ 12 per hundred-weight ?- 

91. What is the value of 32hhd. 22 gal. of molasses, 
at $ 19.22 per hogshead ? 

92. What is the value of 3pk. 7qt. of com, at 75 cents 
per bushel ? 

93. What is the cost of 15^E.e. 4qr. 3na. of linen, 
at $1.15 per ell? 

94. What is the cost of 7 A. 2^R. 38 r. of land, at 
$64.50 per acre? 

95. What is the cost of 28 square rods and 260 square 
feet of land, at $84.25 per rod r 

96. What is the cost of 291b. 6oz. 8 dr. of indigo, at 
$ 3.75 per pound ? 

97. What is the cost of 4qr. 3na. of thread lace, at 
$4.50 per French ell.? 

98. What is the value of 7 lb. 10 oz. 18 dwt. of copper, 
at 27 cents per pound ? 

99. What is tne value of lloz. 19dwt.23gr. of silver, 
at $ 15.25 per pound ? 

CASE IV. To reduce the decimal of a higher denomi- 
nation to its value in whole numbers of lower denomina- 
tion. 

RULE. Mvitiph/ the decimal by that number of the 
next lower denomination which makes a unit of the high- 
er, and the product will be of the lower denomination. 



.769 
5.5 

3845 
3845 

4.2295 
3 

.6885 
12 
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Proceed in like manner tnth the decimal in each suC" 

ceeding product. 

100. Reduce .769 r. to its value in jrards, feet, and 
inches ; that is, change .769 of a rod to yards, &c. 

There are 5^ times, or 5.5 times 
as many yards as rods in any quantity, 
whether that quantity be a whole num- 
ber or a decimal: therefore, we mul- 
tiply the decimal of a rod by 5.5, and 
the product is 4.2295 yards. We 
then multiply .3295 of a yard by 3, to 
find the feet; but there is not a whole 
foot in this decimal, and we proceed 
to .find the inches. The whole result 
8.2620 is, 4yd. Oft. 8.262 in. 

101. Reduce .775 £ to its value^in shillings, &c. 

102. Reduce .625 s. to its value in pence and farthings. 

103. Reduce .46941b. Troy, to oz., dwt., &c. 

104. Reduce .624 cwt. to its value in qr., lb., &c. 

105. Reduce .0653 mile to its value in yd., &c. 

106. Reduce .3875 A. to its value in R. and rods. 

107. Reduce .0098 ton to its value in lb., oz., and dr. 

108. Reduce .2033 hhd. to its value in gallons. 

109. Reduce .467 cwt. to its value in qr. lb. &c. 
lip. Reduce f 741.687 to its proper expression, in 

pounds, shillings, pence, and farthings. 

111. Reduce 84.704 miles to its proper expression, 
in miles, furlongs, rods, yards, &c.' 

112. Reduce 50.742 A. to its proper expression, in 
the several denominations of square measure. 

EXCHANGE OF CURRENCIES. 

Before the adoption of the ^Federal currency, merchants 
in this country, kept their accounts in the denominations 
of English money. The value of the Pound, however, 
and consequently the value of its subdivisions, was vari- 
ous: that is, a pound, and consequently a sl^Uling, signified 
a greater value of money in some of the states, than in 
others. Accounts are now kept, m Federid money, and 
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its denommatioDS are generally used in stating prices. In 
some sections of the country^ however, prices are fre*- 
quently mentioned m shillings and poice — a custom which 
13 inconrenienty and which ought to be discontinued. 

In New England, Virginia, Kentucky, and Tennes- 
see, -^ of a dollar is called a shilling. 

In New York and North Carolina, ^ of a dollar is 
called a shilling. 

In Pennsylvania, New Jersey, Delaware, and Mary- 

In South Carolina and Georgia, ^ of a dollar is call- 
ed a shilling. 

In Canada, ^ of a dollar is caUed a shilling. 

113. How many cents and mills, that is, what decimal 
of ^ dollar, in a New-England shilling ? in 2 shillings ? 
in 3 shillings ? in 4 shillings ? in 5 shillings ? 

114. How many cents and mills in a New- York shil- 
ling? in 2s.? in 3s.? in 4s.? in 5s.? in 6s.? in 7s.? 

115. How many cents and mills in a Pennsylvania shil- 
Img? in 2s.? in 3s.? in 4s.? in 5s.? in 6s.? 

116. How many cents and mills in a Georgia shilling ? 
in 2s.? in 3s.? in 4s.? 

117. How many cents are there in a Canada shilling ? 
in 2s.? in 3s.? in 4s.? in 5s.? 

« 

To change the old currencies to Federal money. 

RULE. Reduce the powndsj if there be any.'^ to shil^ 
lings. Denote the shillings as units^ reduce the pence 
and farthings to the decimal of a shilling j and multiply 
the tohole sum by that fraction of a dollar tohich is equal 
to one shilling., 

118. Change 13s. 6d., of the old currency of Ne^ 
England, to Federal money. 

119. Change. £42 19 s. 4^d. of the old currency of 
New England, to Federal money. v 

120. Change 13s. 6d., of the old currency of New 
York, to Federal money. 

121. Change £25 17s. 8|d., of the old currency of 
New York, to Federal money. 

6 
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122. Change 18s. lid., of the old currency of Penn* 
sylvania, to Federal money. 

123. Change £14 7 s. 6^d. of the old currency of 
Pennsylvania, to Federal money. 

124. Change 16s. lOd., of the old currency of Georgia, 
to Federal money. 

125. Change £54 12s. ll^d., of the old currency 
of Georgia, to Federal money. 

126. Change 17 s. 5d., of the currency of Canada, to 
Federal money. 

127. Change £21 9s. 3|d., of the currency of 
Canada, to Federal money. 

128. What is the value, in Federal money, of 9 New 
England shillmgs ? 9 New York shillings ? 9 Pennsyl- 
vania shillings ? 9 Georgia shillings ? 9 Canada shillmgs ? 

MISCELLANEOUS EXAMPLES. 

Any vulgar fraction, which shall appear in the following 
examples, must be reduced to a decimal; and the lower 
denominations of compound numbers must also be reduced 
to decimals, before they are brought into operation^ No 
decimal need be continued lower than six places. An- 
swers to be given in decimals, 

129. What is the sum of 6 tons 18cwt. Iqr., 5cwt. 
3qr. 2lb., 4.093825 tons, 2qr. 27 lb., Scwt. 2qr. 4lb., 
and 17 tons 5cwt. Oqr. 19 lb.? 

130. What is the difference between 2.90843 hhd. 
and 4 hhd. 47 gal. 3qt. Ipt. of wine. ^ 

131. What is the cost of 15.179 yards of broadcloth, 
at $ 6 per yard ? 

132. If 57 yardsof cloth cost$197, whatcosts 1yd..* 

133. What is the cost of 28 yd. 3qr. of cloth, at $ 7.55 
per yard ? 

134. If 18yd. Iqr. of cloth cost $91.16, what is the 
cost of 1 yard ? 

135. What is the cost of 25cwt. 2qr. 20lb. of hops, 
at $4.96 per hundred weight ? 

136. What is the cost of 24hhd. 15gal. of molasses, 
at $25.36 per hogshead ^ 
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137. What is the cost of 256yd. 3qr. of ribbon, at 
8 cents 6 mills [-085] per yard ? 

138. What is the cost of 24^ yards of ribbon, at 7 
cents per yard ? 

139. What is the cost of 3qr. 2na. of broadcloth, at 
$10.35 per yard? 

140; What is the cost of Ifir. 7 gal. 3qt. of beer, at 
$3.50 per firkin? 

141. What is the value of 23 grains of silver, at $14 
per pound, Troy ? 

142. What is the value of 25 square rods of land, at 
$75 per acre? 

143. If $238.86 be divided equally among 18 men, 
what will each man receive ? 

144. If $775 be divided equally among 8 men, what 
will each man receive ? 

145. If a man travel 73.487 miles in 15 hours, what 
distance does he travel in 1 hour ? 

146. What is ^ of 1142.26 ? 

The residt will be the same, whether we divide 1142. 
26 by the denominator 8, (which is multiplying by ^), 
or, reduce ^ to a decimal and multiply this decimal into 
1142.26. The former method is to be preferred; and 
the learner is here reminded, that the product of any 
decimal will be such ^fractional part of the multiplicand 
as the decimal indicates. 



147. What 

148. What 

149. What 

150. What 

151. What 

152. What 

153. What 

154. What 

155. What 



s .125 of 1142.26? 
s i of 2.565 ? (Divide by 6). 
s .6 of 2.565 ? (Multiply by .6). 
s^ of 1999.2? 
s .56 of 1999.2? 
s ^ of 387.65 ? 
s .185 of 387.65? 
^ of 37241 dollars ? 



is .06 of 37241 dollars ? 

156. Suppose I have $5872, and pay away .06 of it; 
how much shall I have left ? 

157. A owes B $430.40 to be paid in 10 months; 
but B relinquishes .05^ of the dpbt for having it paid im* 
mediately. How much does B relinquish ? 
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158. C borrowed of D, $72.85, agreeiD| to pay it in 
16 months, increased by .08 of itself. What was the 
amount to be paid ? 

159. What will it cost to insure a house^.worth $ 2500, 
against the danger of fire, for one year, the price of in- 
surance being .025 of the value of the bouse ? 

160. Suppose I purchase a ship for $ 12900, and sell 
it at an advance equal to .019 of the cost; for how much 
do I sell it ? 

161. How many gallons of wine can be purchased for 
$74, at $ 1.37 per gallon ? 

162. How many pounds of raisins can be bought for 
$9, at 16^ cents per pound ? 

163. If a man travel 5.335 miles in 1 hour, in how 
many hourd will he travel 166 miles ? 

164. If 18 bushels 3 pecks of wheat grow on 1 acre, 
how many acres will produce 396 bushels f 

165. If 3 shillings will pay for 1 bushel of barley, how 
many bushels will 26 shillings pay for ? 

166. If 5 s. 8 d. will pay for 1 bushel of wheat, how 
many bushels will £ 1 1 pay for ? 

167. If 8s. 3d. will pay for 1 gallon of wine, how 
many gallons will £18 pay for ? 

. 168. What is the value, in Federal money, of £3 17 s. 
8d., of the old currency of New England ? 

169. If I buy 230 pelts, in Canada, at 4s. 3d. apiece^ 
for what amount Federal money must I sell the whole, 
in the United States, in order to gain $36.15 f 

170. How many square feet in a floor, that is 18.63 
feet long, and 14ft. 3m. wide ? 

171. How many square feet in a board, that is 16ft. 
5 in. long, and 1 1 inches wide ? 

172. How many cubic feet in a box, that is 4ft. 6 in. 
long, 3ft. 2in. deep, and 2it. 9in. wide? 

173. Goliath is said to have been 6 j^ cubits high, each 
cubit being 1 foot 7.168 mches. What was lus height 
in feet ? 

174. How many square (eet of paper will it take to 
cover the walls of a room, that is 18ft. 9in. long, 14ft. 
Gin. wide, md dft. 3 in. high.^ 
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175 Suppose a man's property to be worth $6520, 
and his tax to be .02 of the value of his property; how 
much is his tax ? 

176. If a man earn one dollar and one mill per day, 
how much will he earn in a year ? 

177 What is the cost of three hundred se^nty-five 
thousandths of a cord of wood, at four dollars per cord ? 

178. A has nine hundred thirty-six dollars, and B has 
five dollars, three dimes and one mill. How much more 
money has A than B ? 

179. A trader sold 4 pieces of cloth — the first con* 
tained 86 and 3-thousandths yards; the second, 47 and 3- 
tenths yards; the third, 91 and 74iundi*edths yards; the 
fourth, 22 and 9-ten-thousandths yards. What did the 
whole amount to, at $ 7 per yard ? 

180. A has $31.32, B has $57f , C has $104 J, and 
D has $ 95^ ; and they agree to share their money equally. 
What must each relinquish, or receive ? 

181. Suppose a car wheel to be 2 feet 9f inches in 
circumference; how many rods will it run, in turning 
round 800 times ? 

132. If a car run 1 mile in 3 minutes and 9 seconds, 
in what time will it run 18 miles ? 

183. Suppose the sum of two certain quantities to be 
1, and one of those quantities to be .8036, what is the 
other? (See Prob. i, page 20.) 

184. Chai-les and Joseph together have $4.38; of 
which Charles's share is 17 shillings and 3 pence. What 
is Joseph's share ^ 

185. Suppose .08 to be the difference between two 
quantities, and ^he greater quantity to be 80; what is the 
smaller i (See Prob. ii, page 20.) 

186. There is a field, 5.864 acres of which is planted 
with com, and the rest, with potatoes. There is 2 A, 
3R. lOr. more of com than potatoes. Hovf much is 
planted with potatoes ? 

187. Suppose 7426.1 to be the difference between two 
quantities, and the smaller quantity to be .93; what is the 
greater? (See Prob. hi, page 21.) 

188. Henry has $1,355 more money than William; 

6* 
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t 

and WilHam has 198. lO^d., New England currency. 
How mUch has Henry ? 

189. What are the two quantities whose sum is 290. 
009, and whose difference id .99?. (See Prob. it, 
page 21.) 

190. If a horse and chaise cost $437.25, and the 
chaise cost $67.08 more than the horse, what is the cost 
of each ? 

191. Suppose 15676.266547 to be the product of 
some two factors, one of which is 27.381; what is the 
other? (See Prob. v, page 21.) 

192. If a board be 1ft. 9 in. wide, how long must it 
be, to contain 26.5 square feet of surface ? 

193. Suppose 566.916128724 to be a dividend, and 
108.273 the quotient; what is the divisor ? (See Prob. 
VI, page 21.) 

194. 4397.4 pounds pf beef was equally divided among 
a number of soldiers, and each soldier received 3.49 
pounds. How many soldiers were there ? 

195. Suppose .025 to be a divisor, and .045 the quo- 
tient; what is the dividend ? (See Prob. vii, page 22.) 

196. Such a quantity of bread was divided equally 
' among 13 sailors, as allowed each sailor 1.236 pounds. 

How many pounds were divided ? 

197. If the product of three factors be 70.4597, the 
first of those factors being 3.91, and the second 3.5, what 
is^the third? (See Prob. viii, page 22.) 

198. What must be the depth of a pit, that is 8 ft. 5 in. 
long, and 4 ft. 3 in. wide, in order that it shall contain 
231 cubic feet ? (Consider 231 as a product.) 

199. Suppose the bottom of a wagon to be 9 feet long, 
and 4ft. 3in. wide; how many feet high must wood be 
piled in this wagon, m order that the- load shall contain 
1 cord ? (View the cubic feet in a cord as a product.) 

200. Suppose wood to be piled on a base, 15ft. 6m. 
long, and 7 ft. 9 in. wide, what must be the height of the 
pile, to contain 16 cords»? 

201. If a stick of timber be 1 ft. 9 in. wide, and 1.4 ft. 
deep, what must be its length, in order thisit the stick 
shall contain 1 ton ? 
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XIL 
' INFINITE DECIMALS. 

Learners, who are prepariDg for commercial basinew, and who^o not intend 
to proeecnte an extenaiTe course of mathematical studies, may omft this article, 
and proceed immediately to Art. XIII. 

Infinite decimals are those which are understood 
to be indefinitely continued; either by one and the same 
figure perpetually repeated, or, by some number of 
figures perpetually recurring in the same order. For 
example, .444444, &c. .26262626, &c. .057057057, 
&c. .134913491349, &c. Decimals of this kind result 
firom division, when the divisor and dividend are prime 
to each other, and the divisor contains prime numbers 
other than those contained in 10; that is, other than 2 
and 5. 

An inQnite decimal which is continued by the repetition 
of a single figure j is called a repeating decimal; and the 
repeated figure is called the repetend. 

An infinite decimal which is coatinued by the repetition 
of more than one figure, is called a circulating decimal; 
and the repeated period of figures is called the circulate^ 
or compound repetend. 

When other decimal figures precede the repetend or 
circulate, the decimal is called a mixed infinite decimal. 
For example, .8476666, &c. .38171717, &c. 

A single repetend is distinguished by a point over it, 
thiis, .3, which signifies .33333, &c. A compound re- 
petend is distinguished by a point over its first, and last 
figure, thus, .849, which signifies .849849849, &c. 

Similar repetends — whether single or compound — 
are those which begin at the same place, either before or 

i^ter the decimal point. For example, .13 and .72 are 

similar; abo, .264 and .9038 are similar; also, 3.54 and 

7.36 are similar. 

DisHmilar repetends are those which begin at dififerent 

places. For example .6127 and .405 are dissimilar. 
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Conterminous repetends are those which end at the 

same place. For example, .749 and .506. 

Similar and conterminous repetends are those which* 

■■-■ * * 

begin and end at the same places.. For example, .1308 

and .4012. 

Any quotient continued by annexing decimal ciphers 
to the dividend, is known to be infinite, whenever a re- 
mainder occurs, that has occurred^ before; and the repe- 
tend is known to consist of those quotient figures which 
succeed the first appearance, and precede the second 
appearance of the recurring remainder. It may also.be 
observed, that every quotient which does not terminate, 
must, at some place, repeat or circulate. This truth is 
evident from the consideration, that the several remain* 
ders, which precede their respective quotient figures, 
must all be within the series of numbers, 1, 2, 3, 4, and 
so on, up to the number of the divisor. Therefore, it is 
impossible that the number of partial divisions in any 
operation shall equal the number indicated by the divisor, 
without the recurrence of some one of the remainders. 



REDUCTION OF INFINITE DECIMALS. 

CASE I. To reduce a repetend to a vulgar fraction. 

The observations which lead to the rule are as fol- 
lows. If 1, with ciphers continually annexed, be di- 
vided by 9, the quotient will be Is continually; that is, 
if 4 be reduced to a decimal, it will produce the repetend 

.1: and since .1 is the decimal equal to i, .2=f , .3 = 

1^, .4==f , Jind so on, up to .9=f or unity. Therefore, 
every single repetend is equal to a vulgar fraction, whose 
numerator is the repeating figure, and whose denominator 
is 9. Again, if ^^ be reduced to a decimal, it becomes 

.61; and since .01 is the decimal equal to ^, .02=^, 

.03=^, and so on, up to .99 = ^9^ or unity. Again, 

if -^j be reduced to a decimal, it becomes^ .001, and 

since .001 is the decimal equal to ^^, .002=^1^, 
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«603=^r a^nd so on. This correspondence exists 
universally; and, therefore, amy circulate — not containing 
an integer — is equal to a vulgar fracticHi, whose nupaera-. 
tor is the circulatmg figures, and whose denominator is 
denoted by as many 9s as there are places in the circulate. 

RULE. Make the repetend the numerator^ and for the 
denominator take as many 9« as there are figures in the 
repetend. 

When there are integral figures in the repetend^ a 
number of ciphers equal to the number of integral figures 
must be annexed to the numerator. 

1. Reduce .6 to a vulgar fraction. 

2. Reduce .037 to a vulgar fi-action; givmg the firac- 
tion in its lowest terms. 

3. Reduce .i23 to a vulgar firaction.' 

4. Reduce .142857 to a vulgar firaction. 

5. Reduce .769230 to a vulgar fraction. 

6. Reduce 2.37 to a vulgar firaction. 

CASE II. To reduce a mixed infinite decimal to a 

vulgar fraction. . r 

Observe, that a mixed infinite decimal consists of two 
parts — the finite part, and the repeatmg part. The finite 
part may be reduced as shown in Art. xi. Case i; and 
the repeating part, as shown iri the first case of this article; 
observing, however, to reckon the value of the fi-action 
obtamed fi-om the repealing part ten times less for every 
place occupied by the finite figures. For example, the 
decimal .26 is divisible into the finite decimal .2, and the 
repetend .06. Now .2=i%, and -6 would be=^, if 
the cu-culation began immediately after the place of units; 
but since it begins after the place of tenths, it is 7^ of f^ 
=-^. Then, .26 is equal to ^+^0 = ^+^"^^^ 
RULE. To as many 9» as there are figures in the 
repetend. annex as many ciphers as there are finite placesy 
fw a denominator. Then, muUiply the same number 
of 98 by the finite part of the decimalj and add the r«p«- 
Und to the product, for the numerator. 
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7. What is the least vulgar fraction equal to .13 ? 
B. Reduce .148 to a vulgar fraction. 

9. Reduce .532 to a vulgar fraction.. 

10. Reduce .81247 to a vulgar fraction. 

11. Reduce .092 to a vulgar fraction. 

12i Reduce .00849713 to a vulgar fraction. 

CASE III. To nujce any number of dissimilar repe- 
tends, similar and conterminous. 

Observe, that a single repetend may be represented 
either as a compound repetend or as a mixed decimal ; 
thus, .6 =.666 = .66666. Also, a compound repe- 
tend may be represented as a mixed decimal; thus, 

.248 ~ .24824 = .24824824. Also, a finite decimal may 
be represented as a mixed infinite decimal, by annex- 
ing ciphers as repetends; thus, .39 = .390 =3966 = 
.396006. Hence, two or more decimals, whether repe- 
tends, circulates, or mixed decimals, may be expressed 
with circulating figures beginning and ending together* 

RULE. Find the least common multiple of the several 
numbers of decimal places in the several repetends; 
ewtend the repetend which begins lowest to as many 
places as the multiple has units^ and make all the other 
repetends to conforv(i thereto. 

13. Make 6.317, 3.45, 52.3, 191.03, .067,5.3 and 
1.359 similar and conterminous. 

The first repetend has 
3 places; the second, 2; 
the fourth, 2; the fifth, 3; 
the sixth, 1 ; the seventh, 
1. The least common 
multiple of 3, 2, 2, 3, 1, 
1, is 6; therefore the simi- 
lar and conterminous repe- 
tends have 6 places. 



6.317= 6.31731731 

3.45 = 3.45555555 

62.3 = 62.30000006 

191.03 =191.03030303 

.057= .05705705 

6.3 = 6.33333333 

1.369= 1.36999999 

14. Make 9.814, 1.5, 87.26, .083 and 124*09 similar 
and conterminous. 




XIL INFINITE DECIMALS. 71 



• • • • 



15. Make .821, .8262, .05, .0902 and .6 similar and 
conterminous. 

16. Make .53i, .7348, .07 .0503 and .749 similar 
and conterminous.. 

CASE IV. To find whether a given vulgar fraction is 
equal to a finite, or infinite decimal; and, of how many 
figures the repetend will consist. 

If we divide unity with decimal ciphers annexed 
[1.0000, &c.] by any prime number, except the factors 
of 10, [2 and 5], the figures in the quotient will begin to 
repeat as soon as the remainder is 1. And since 9999, 
&c. is less than 10000, &c. by 1, therefore, 9999, &c. 
divided by any number whatever will leave for a re- 
mainder, when the repeating figures are at their period. 
Now, whatever number of repeating figures we have, 
when the dividend is 1, there will be the same number, 
when the dividend is any other number whatever: for the 
product of any circulating number, by any other given 
number, will consist of the same number of repeating 
figures as before. Take, for instance, the infinite decimal 
.386738673867, &c. whose repeating part is 3867. 
Now every repetend [3867] being equally multiplied, 
must produce the same product: for though these pro- 
ducts will consist of more places, yet the overplus in 
each, being alike, will be carried to the next, by which 
means each product will be equally increased, and con- 
sequently every four places will continue alike. From 
these observations it appears, that the dividend may be 
altered at pleasure, and the number of places in the 

repetend will still be the same: thus, ^^=.09, and ^j 

or^X3=.27. 

^ RULE. Reduce the vulgar fraction to its lowest termsj 
and divide the denominator by 10, 5, or 2, as often as 
possible, ffthe tohole denominator vanish in dividing^ 
the decimal will be finite, and will consist of as many 
figures as there are divisions performed. 

If the denominator do not vanish, then by the last 
quotient divide 9999, ^c. till nothing remains: the num- 
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W of 9b wedj wiU ahato the number of places in the repe- 
tend; which will begin nfter so many places offgures as 
there were 10s ^ 65, or 2s used in dividing. - 

17, Is the decimal equal to -^^ finite, or infinite — and 
if infinite, how many places has the repetend ? 

Since the denominator does 
not vanish in dividing by 2, the 
decimal is infinite: and, as six 
9s are used, the repetend will 
consist of six figures; beginning 
at the fifth place, because four 
2s were used in dividing. 



2 
2 

2 
2 



56 

28 



14 



7 )999999 

142857 

18. Examine the fraction -j^j, as above directed. 

19. Examine the fraction f , as above directed. 

20. Examine the fraction -j^ , as above directed. 

21. Examine the fraction -^j^y as above directed. 

22. Examine the fraction |^, as above directed. 



ADDITION OF INFINITE DECIMALS. 

RULE. Make the repetends similar and conterminous^ 
and add them together. Divide this sum by as many 9s 
as there are places in the repetend; denote the remainder 
as the repetend of the sum^ filling out its places with 
ciphers when it has not as many places as the repetends 
added; and carry the quotient to the next column, 

23. What is the sum of 3.6 + 78.3476+735.3 + 
575. +.27+ 187.4? 

3.6 = 3.6666666 
78.3476= 78.347647J5 

735.3 =735.3333333 
375. =375.0000000 

.27 = .2727272 

187.4 =187.4444444 



The sum of the repe- 
tends is first fotind to be 
2648191. This sum is then 
divided by 999999, and it 
gives a quotient of 2, which 
we carry to the column of 
tenths, and a remainder 
of 648193, which we de- 

note as a repetend. 

24. What is the sum of 5391.357+76.38+187-.2i 
+4.2965+2l7.8496+42.176+.523 + 68.30048.> 



1380.0648193 
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25. What is the sum of 9.814+ 1.3+87.26+.083 

+ 124.09? 

S6. What is the sum of .162 + 134.09+2.93+ 
97.26+3.769230+99.083 + 1.5 + .814 ? 

SUBTRACTION QF INFINITE DECIMALS. 

RULE. Make the repetends similar and conterminous^ 
and subtract as usual; observing, that, if the repetend 
of the subtrahend be greater than that of the minuend, 
the right hand figure of the remainder must be less by 1 , 
than it would 6e, if the expression were finite. 

27. Subtract 13.76432 from 85.62. 

Here, the whole repetend 

of the subtrahend is greater 

than that of the minuend, and 

the last figure in the remain- 

[ der is diminished by 1 . 



85.62 =85.62626 
13.76432= 13.76432 

71.86193 



28. Subtract 84.7697 from 476.32. 

29. Subtract .0382 from 3.8564. 

30. Subtract 493.1502 from 1900.842974. 

MULTIPLICATION OF INFINITE DECIMALS. 

RULE. Change the factors to vulgar fractions, mul- 
tiply these fractions together, and reduce their product 
to a decimal. 

31. What is the product of .36 X .25 ? 

Ofi 16 4 

•^? — ^ — XT . . 

. -25=11- AXH=^%=-0929 Ms. 

32. What is the product of 27.23 X .26? 

33. What is the product of 8574.3 X 87.5 ? 

34. Whatis the product of 3. 973X8.? 

35. What is the product of 49640.54 X .70503 ? 

36. What is the product of 3.145 X 4.297 ? 

37. What is the product of 8.3 X 4.6 X 7.09 ? 

.38. What is the product of .3 X .09 X 8.2 X.9 ? 

7 
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DlVIdlOlV OF INFINITE DECIMALS. 

RULE. Change both divisor and dividend into vulgar 
fractions^ find their quotient in a vulgar fraction^ and 
reduce it to a decimal. 

39. What is the quotient of .36 by. .25.? 

.25=M T\-M = AX|f = M=l^ 

Then, 1^=1.4229249011857707609881 Jlns. 

■ 40. What is the quotient of 234.6 by .7? 

41. What is the quotient of 13.5169533 by 4.297 .^^ 

42. Divide 319.28007112 by 764.5. 



xiii. 

RELATIONS OF NUMBERS. 

Any number may be viewed as a part, or as so many 
parts of any other number ; and it is in this view, that we 
shall, at present, notice the relation of one number to 
another. 

For example, 1 is | of 5, 3 is | of 5, 9 is | of 5, &c. 
Here 1 stands in the same relation to 5 that ^ does to a 
unit ; 3 stands in the same relation to 5 that | does to a 
unit ; and 9 stands in the same relation to 5 that | does 
to a unit. Thus, the number which is viewed as the ^arf 
or parts of another, becomes a numerator, and the other 
number the denominator of a vulgar fraction. This frac- 
tion may be reduced, and the relation it expresses will 
remain unaltered. For instance, f of 8 is the same as ^ 
of 8 ; and ^^ of 8 is the same as | or ^ of 8. 

In the various practice of arithmetic, most of the solu- 
tions are performed by process to which the performer is 
led, by considering the relation which exists between the 
numbers concerned. The truth of this renuurk will ap- 
pear evident to the learner, in the course of tsobsequent 
exercises. 




XTTT, RELATIONS OF NUMBERS. T^ 

1. Express 16 as a fractional part of 66, and reduce 
^e fraction to its lowest terms. 

3. Express 9 as the fractional port of 45, and reduce 
the fraction to its lowest terms. 

3. What part of 34 is 20 ? What part of 34 is 21? 

4. Wtat part of 34 is 49 ? — Or, in other words, what 
is the improper fraction that expresses die relation in 
which 49 stands to 34 ? 

6. What part of 24 is 36 ? What part of 24 is 37 ? 

6. What part of 2 yards Ijft. 6 in. is 1yd. 2ft; lOin.? 

In this example, 2yd. 1ft. 6 in. becomes a denomina- 
tor, and 1yd. 2ft. 10 in. the numerator. But both these 
quantities must be reduced to their lowest denomination, 
inches; the relation will then be simple, and may admit 
of being reduced to lower terms. 

7. What part of 1 yard is 2 feet 6 inches f 

8. What part of £3 14s. is 16s. lOd..^^ 

9. What part of 9 s. 7d. 2qr. is 2s. 9 d. Iqr..^ 

10. What part of 5 gallons 2 pints is 3 quarts 3 gills ? 

11 . What part of 2 acres is 1 acre 3 roods 32 rods ? 

12. What part of $ 7 is $ 4.65 .? 

$7=700 cents, and $4.65=465 cents. Then 465 
cents is ^^ of 700 cents. y^=^ • - 

When either or both the numbers, whose relation is to 
be expressed, contains a decimal fraction, the decihial 
places in the two numbers must be made equal— if they 
are not already so» — by annexing decimal ciphers. The 
decimal points may then be erased, and the numbers 
written as the terms of a vulgar fraction. For example, 
the relation of .14 to 9 is ^%=:j7o • 

13. What part of 2.1 is 1.72.? 

14. What part of 4.87 is 2 > 

15. What part of $24.08 is $ 15 ? 

16. What part of .65 is .408 f 

17. What part of $2 is $7 .? (Ans. |.) 

18. What part of $2 is $7.49 .? 

19. What part of 90 cents is $ 1.35 i 

20. What part of $4,375 is $28 ? 
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21. What part of 5.8 is 31.42? 

22. What part of .253 is .97 i 



23. What part of | is -^j ? 

The expression of this relation is, at first, a complex 
fraction, of which ^-^ is the numerator, and ^ the denomi- 
nator. The 'expression may be simplified by reducing 
these fractions to a common denominator, and taking the 
new numerators for the terms of tlie relation. See rule, 
to reduce a complex fraction to a simple one, page 43, 

24. What part of 12 is 10^ ? 

25. What part of 3 is y\ ? 

26. What part of ^ is | ? 

27. What part of 6J is 5| ? 

28. What part of ^ is If ? 

29. What part of 2^ feet is 10| inches ? 

30. What part of 14| days is 23^ hours ? 

31. What part of 24 gallons is 3 quarts 2| gills ? 

32. What part of 5|.rods is 3 rods 2|ft..^ 
83. What part of i is I ? 

34. What part of J is ^ ? 

35. What part of f is | ? 

36. What part of if is If ? 

37. What part of If is 3| ? ^ 

38. What part of 3 shillings is 5 s. 7d.? 

39. What part of £1 14s. is £5 2s. 7f d.? 

40. What part of 78| days is 125 days 17| hours ? 

41. What part of 2f tons is 4 tons 6| pounds ? 

42. If 35 horses eat 12278 pounds of hay in a week, 
what will 17 horses eat, in the same time ? 

The most obvious view of the solution of this question 
is this — If 35 horses eat 12278 pounds, 1 horse will eat 
^ of 12278 poundis, which is 350ff pounds; and 17 
horses will eat 17 times 350|y pounds, which is 6230 
pounds. A more concise view, however, may be taken, 
as follows. 17 horses are ^^ of 35 horses, and they 
will eat ^ of the 12278 pounds of hay. Therefore, we 
shall obtain the answer by multiplying 12278 pounds by 
the firaction ^. 12278X^^=6230 •fliw. 
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43. If a car run 552 miles upon a rail-road, in 24 
hours, how fur will it run in 13 hours ? 

44. If a car run 3 miles [960 rods] in 8 minutes [480 
seconds] , in what time will it run 300 rods ? 

45. If a hogshead of wine [63 gallon's] cost $98.50, 
what will 45 gallons cost, at the same rate ? 

46. If the annual expense of supporting a fort manned 
with 600 soldiers be $ 182571, what is the expense of 
a fort manned with 424 soldiers ? 

47. If I can buy 325 barrels of flour for $ 1425, how 
many barrels can I buy for $ 521 ? 

48. If a ferry boat, cross the river 18 times in 5 hours, 
in how many hours will it cross 4 times ? 

49. If 9barrels of flour cost $ 32, what will 28 bl. cost? 
In this example, the relation in which 28 barrels stand 

to 9 barrels is expressed by an improper fraction; 23 
barrels being ^ ot 9 barrels. Therefore the answer is 
obtained by multiplying $32 by ^ ; that is, by multiply- 
ing $32 b^ 28, and dividing the product by 9. 

50. If It take 300 yards of cloth to make the uniform 
clothes for 52 soldiers, how many yards are required to 
clothe 784 soldiers ? 

51. If 12 horses eat 20 bushels of oats in a week, 
bow mauy bushels will 45 horses eat in the same time ? 

52. If a post 5 feet high cast a shadow 3 feet, on level 
ground, what is the height of a steeple, which, at the same 
time, casts a shadow 176 feet ? 

53. If $40 will pay for 14^ yards of cloth, how many 
yards can be bought for $75 ? 

M. If 95 bushels of com cost $68.25, what will 320 
bushels cost, at the same rate f 

55. Suppose a ship's expenses in Liverpool to be 
£131 13s. lOd. for 22 days; what would be her ex- 
penses in the same port for 35 days ? 

56. If 144 bushels of corn will grow upon 3 acres 1 
rood 15 rods of land, how much land is necessary to 
produce 500 bushels ? 

57. Bought 269 ^ards of cloth, at the rate of $ 100 for 
30 yards. What did it amount to f 
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58. Bought 24 yd. 3qr. Ina. of cloth, at the rate of 
$ 12.30 for 4 yd. 1 qr. 2na. What did it amount to ? 

Since it is necessary,, in this example, to consider 24 
yd. 3qr. Ina. as a fractional part of 4yd. 1 qr. 2na., the 
first step in the operation is, to reduce both quantities of 
cloth to nails. 

59. If 13gal. 2qt. Ipt. of wine cost $21.15, what 
will 36 gal. 3 qt. 1 pt. cost, at the same rate i 

60. If 26 barrels of flour cost £ 28 14 s. 6d. bow many 
barrels will ^35 10s. 4d. pay for ? 

61. If 6 gal. 2qt. Ipt. of wine will fill 31 bottles, how 
many bottles are required for 1 1 gal, 3 qt. ? 

62. If 144 gross of buttons cost j£22 19s., how many 
gross can be bought for £12 5s. 5^d..^ 

63. If 2hhd. 19gal. 2qt. of wine cost £93 Is. 2^d. 
what will 25hhd. 36 gal. cost.^ 

64. If 15 yards of cloth cost $39.45, how many yards 
can be bought for $21 ? (See remark under example 12.) 

65. At the rate of $ 94 for 78 days' work, in how many 
days can a labourer earn $72,375 ? 

66. At the rate of $240 for 9.5 acres of land, what is 
the value of 7.25 acres ? 

67. At the rate of $182.50 for 8 acres of land, what is 
the value of 12.7 acres ? 

68. At the rate of 75 cents for .92 of a bushel of corn, 
what is the value of .648 of a bushel f 

69. In how many minutes will a locomotive car run 
49.9 miles; allowing it to run at the rate of 2.5 miles in 
5.75 minutes ? 

70. If 43.64 pounds of copper be worth $ 9.075, what 
is the value of 108.9 pounds r 

71. If 14 dollars will pay for the carriage of a ton 75.6 
miles, what distance can a ton be carried for 16 dollars 
75 cents, at the same rate ? 

72. If I of a yard of cloth cost $7, what is the cost 
of -fj of a yard f (Recur to example 23.) 

73. If a rail-road car run 260 miles in 12 hours, what 
distance will it run in 10^ hours i (See example 24.) 
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74> If a man earn ^ 1 . 15 in ^'of a day, how much can 
he earn in |^ of a day? (See example 25.) 

75. Suppose i of an acre of land to be worth 54 dol- 
lars; what is ^ of an acre worth ? 

To solve this question, by the process to which the 
scholar has been led, he will consider f as a denominator 
and \ as the numerator of a complex fraction, expressing 
what part of 54 dollars ^ of an acre is worth; and, after 
reducing this complex fraction to a simple one, will n^ul- 
tiply the simple fraction into 54 dollars, for the answer. 
Now the effect of the process is the same as that of mul- 
tiplying the 54 by ^, and dividing the product by | ; and 
this last method is to be preferred, because it is shorter. 
Thus, 54X^=6, and 6 -^1=8. 

76. If 1^ of aship cost $ 1 5000, what does ^ of her cost ? 

77. If I of a lot of new land be worth 300 dollars, what 
is -^ of the lot worth ? 

78. If a horse trot 1840 rods in ^ of an hour, how 
many rods does he trot in -5^^ of an hour ? 

79. If 96^ yards of cloth cost $642, what will 28^^ 
yards cost,, at the same rate ? 

80. If 15^ yards of cloth cost $75, what will l42j 
cost, at the same rate ? 

81. If 9f barrels of flour be consumed by a company 
in 18 days, how long will 25f barrels last ? 

82. If a mill grind 18^ bushels of com in 1 hour and 
22 minutes, in what time will it grmd 25| bushels f 

83. If a ship sail 92^ miles in 8 J hours, in how many 
hours does it sail 65x% miles ? 

84i If a barrel of flour will support 12 men for 25 
days, how long will it support 8 men ? 

Since the flour will support 12 men 25 days, it would 
support 1 man 12 times 25 days, or 300 days; and since 
it wbiild support 1 man 300 days, it will support 8 men 
^ of 300 days, or 37| days. Thus, to obtain the answer, 
we multiply 25 days by 12, and divide the product by 8. 
A little attention to the conditions of this question, and 
the process of the operation, will enable the learner to 
perceive, at once,, that the. answer is ^f of 25 days. 
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85. If a quantity of beef will support 436 men 73 dtys, 
bow lone will it support 240 men ? 

86. It a barrel of beer will last 10 men 16 days, bow 
long will it last 23 men ? 

The beer would last 1 man 10 times 16 days, or 60 
days; and it will last 23 men ^^ of 60 days, or 2^^ days 
=s2/q^ days. The question is, however, more conve- 
niently viewed thus, — Since the beer will last 10 men 
16 days, it will last 23 men ^ of 16 days; and, hence, 
16 is to be multiplied by ^. 

87. Suppose a certain quantity of hay will feed 85 
sheep 71 days; how long will it feed 230 sheep ? 

88. If 256 men can make a certain piece of road in 
240 days, in what time will 190 men make it ? 

89. If 9 yards of silk, that is 3 quarters Wide, will line 
a cloak, how many yards, that is 5 quarters wide, will 
line the same cloak ? 

90. If 110 yards of paper, that is 32 inches wide, will 
cover the walls of a room, how many yards, that is 24 
inches wide, will cover the same walls ? 

91. Suppose a man can perform a piece.of work in 
45 days, by working 7 hours a day, in what time will he 
perform it, if they^ work 10 hours a day f 

92. Suppose a company of men can perform a piece 
of work m 155 days, by working 12 hours a day, in what 
time will they perform it, by working 5 hours a day.^ 

93. How many days will it take 119 horses to eat the 
bay that 44 horses would eat in 60 days ? 

94. The hind wheels of a coach, which are ISOmches 
in circumference, will turn round 4825 times in running 
a certain distance, how many times will the forward wheels 
turn round, they being 145 inches in circumference f 

95. If a ship, by sailing 9 miles an hour, will effect a 
passage to Europe in 55 days, in how many days would 
she effect the passage by sailing 13 miles an hour? 

96. If a vessel, by sailing 10| miles an hour, will make 
a passage from Bangor to New Orleans in 11 days, in 
bow many days would she make the passage by sailing 
12| miles an hour ? 

97. Suppose A rides 6^ miles an hour, and perfoims 
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a certain journey in 14A days; in what time will B, who 
^des only 4^ miles an nour, perform the same journey? 

98. If 6 persons expend $ 300 in 8 months, how much 
will serve 15 persons for 20 months f - 

Since 6 persons expend $ 300 3qq ^^^q 

in 8 months, 15 persons would, 15 20 

since 15 persons would expend - '^^^ 1875 

$750 in 8 months, they would, in 20 months, expend 
^ of JJJ750, which is |51875. The adjoined operation 
corresponds to this solution. 

99. If the wages of 6 men for 14 days be $84, what 
will be the wages of 9 men for 1 1 days ? 

100. If 3 pounds of yam make 9 yards of cloth, 5 
quarters wide, how many pounds would be required to 
make a piece of cloth 45yd. long and 4qr. wide f 

101. If a class of 25 girls perform 1750 examples in 
arithmetic, in 15 hours, how many examples of equal 
length may a class of 30 girls perform, in 18 hours f 

. 102. If the use, of $100 for 90 days, be worth $1.50, 
what is the use of $78 for 85 days worth ? 

103. If the use of $ 100 for 30 days be worth 75 cents, 
what is the use of $ 1240 for 57 days worth } 

104. If a man travel 217 miles in 7 days, travelling 6 
hours a day, how many miles will he travel in 9 days, 4f 
he travel 11 hours a day? 

When he travels 6 hours a day, he advances 217 miles 
in 7 days, and were he to proceed thus for 9 days, he 
would advance ^ of 217 miles, or 279 miles. Since, by 
travelling 6 hours a day he would, in 9 days, advance 
279 ml., by travelling 11 hours a day, he would advance 
V of 279 ml., which is 211| ml., or 211^ ml. 

105. If a man perform a joiimey of 1250 miles in 15 
days, by travelling 14 hours a day, how many days will 
it take him, to perform a journey or 1000 miles, by travel* 
ling 13 hours a day? 

. 106. If 10 cows eat 7^ tons of hay in 14 weeks, how 
many cows^ will eat 22^ tons m 28 weeks ? 
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107. If 6 men will mow 35 acre) of grass in 7 days, 
by working 10 hqurs a da^, bow many men will be re- 
quired to mow 48 acres m 5 days, when they work 12 
hours a day? 

108. If 14 men can cut 87 cords of wood in 3 days, 
when the days are 14 hours long, how many men will cut 
175 cords, when the days are 11 hours long ? 

109. If 16 men can build 18 rods of wdl m 12 days, - 
how many men must be employed to build 72 rods of the 
same kind of wall in 8 days } 

110. If 25 persons consume 600 bushels of com in 
2 years, how muQh-will 139 persons consume in 7 years ? 

Since 25 persons consume 600 bushels in. 2 years, 
139 persons would, in the same time, consume ^-^ of 
600 bushels, which is 3336 bushels. Then, since 139 
persons would consume 3336 bushels in 2 years, they 
will, in 7 years, consume ^ of 3336 bushels, which is 
11676 bushels. 

111. If 154 bushels of oats will serve 14 horses for 
14 days, how long will 406 bushels serve 7 horses ? 

112. If 25 men can earn $6250 in 2 years, how long 
will it take 5 men to earn $11250 ? 

113. If 9 men can mow 36 acres of grass in 4 days, 
how many acres will 19 men mow in 11 days ? 

1 14. If a family of 9 persons spend $450 in 5 months, 
how much would be sufScient to maintain the family 8 
months, after 5 more persons were added } 

115. If a stream of water running into a pond of 190 
acres, will raise the pond 10 inches in 12 hours, how 
much would a pond of 50 acres be raised by the same 
stream, m 10 hours ? 

116. If the wages of 4 men, for 3 days, be $11.04, 
how many men may be hired 1 6 days for $ 103.04 f 

117. If 3 men receivers 8 18 s. for working 19^ days 
what must 20 men receive for working 100^ days r 

118. If 1112 bottles are sufficient to receive 6 casks 
of wine, how many bottles are sufficient to receive 13 
casks of wine ? 

119. If 725 bottles hold 4 barrels of wine, bow many 
bottles are required to hold 3 tierces of wine ? 
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120. If 240 men, in 5 days, of 1 1 hours each, can dig a 
trench 230 yards long, 3 yards wide, and 2 yards deep, in 
how many days, of 9 hours each, will 24 men dig a trench 
420 yards long, 6 yards wide, and 3 yards deep ? 

Since 248 men, in 5 days, of 11 hours each, can dig 
a trench 230 yards long, 3 yards wide, and 2 yards deep, 
24 men, working in days of the same length, would dig a 
trench of the same dimensions in ^A® of 5 days, which is 
51^|=51| days; and, working in days of 9, instead of 
11 hours each, the trench would occupy them y of 5 If 
days, which is 635^ days. Again, since the trench to be 
dug by 24 men. is 420, instead of 230 yards long, this 
length, (the width and depth remaining unchanged) would 
occupy them |§§==|| of 635^^ days, w^hich is HSj^Q^y 
days. Again, since the trench to be dug by 24 men is 
6, 'instead of 3 yards wide, this wi<Jth (the depth remain- 
ing unchanged) would occupy them f of HSj^^ days, 
which is 192^^' days. Lastly, since the trench to be 
dug by 24 men is 3, instead of 2 yards deep, it will 
occupy them | of 192|^f days, which is 288|5^=2885^oV 
days, the answer. 

121 . If 12 men can build a brick wall 25 feet long, 7 feet 
high, and 4 feet thick, in 18 days, in how many days will 
20 men build a brick wall 150 feet long, 8 feet high, and 
5 feet thick ? 

122. If 15 men can dig a trench 75 feet long, 8ft. 
wide, and 6 ft. deep, in 12 days, how many men must 
be employed to dig a trench 300ft. long, 12ft. wide, and 
9ft. deep, in 10 days ? 

123. If the carriage of 44 barrels of flour, 108 miles 
be worth $215, what is the carriage of 36 barrels, 162 
miles worth ? 

124. If 175 bushels of corn, when corn is worth 60 
cents a bushel, be given for the carriage of 100 barrels 
of flour, 58 miles, how many bushels of corn, when com 
is worth 75 cents a bushel, must be given for the carriage 
of 90 barrels of flour, 200 miles I 

125. If 12 ounces of wool make 2J yards of cloth, 
that is 6 quarters wide, how many pounds of wool would 
make 150 yards of cloth, 4 quarters wide f 
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MISCELLANEOUS EXAMPLES. 

126. A owned ^^ of a ship, which he sold for $3650, 
and B owns ^ of her, which he wishes to sell at the same 
rate. What must be B's price ? 

Since the price of ^\ of the ship is $3650, the price 
of the whole ship must be ^ of $ 3650, which is % 36900; 
and -j^Q of $36900 is $11070, which must be B's price. 

127. If 3650 be ^ of some number, what is ^ of the 
same number? 

128. A merchant has bought ^ of a company's stock, 
for $ 92000. What would be the price of ^ of the stock, 
at the same rate } 

129. A merchant owning. -j^^ of a ship, sold -^^ of what 
he owned for $1841. What is the value of the whole 
ship, according to this sale ? 

130. 1841 is -/j of y^Tj of what number ? 

131. After a certain tract of land had been equally- 
divided among 16 owners, one of them sold f of his share 
at $ 5, an acre, and received $444. How much land was 
there in the whole tract ? 

132. If y^ of a yard of cloth be worth | of a dollar, 
what is the value of y\ of a yard ? 

Since -{-^ of a yard is worth | of a dollar, a yard is 
worth y of I of a dollar, which is |§ of a dollar ; and 
i\ of a yard is worth y\ of |§ of a dollar, which is |f§ 
of a dollar, or $lff| = $ l^f = $ 1.559 +. 

133. If f of a yard of lace be worth ^ of a dollar, 
what is -^-^ of a yard worth ? 

134. If I of a barrel of flour cost 4 dollars, what is 
the cost of 6f barrels, at the same rate } 

135. If 13| bushels of corn cost 7 dpUars, what is 
the price of 9| bushels, at the same rate ? 

136. If 424 pounds of indigo be worth $87,625, what 
is the value of 192| pounds ? 

137. A garrison of 900 men have provision for 4 
months. How many men must leave the garrison, that 
the provision may last the remainder 9 monUis ? 

138. If a loaf of bread weighing 32 ounces be sold for 
eight cents, when flour is worth $6.50 per barrel, what 
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ought the eight-cent loaf to weigh, when flour is worth 
omj $5 a barrel? 

139. A company of 75 soldiers are to be clothed; each 
suit is to contain 3\ yards of cloth, 6 quarters wide, and 
to be lined with flannel | of a yard wide. How many 
yards of flannel will be required ^ 

140. If a garrison of 1500 men consume 750 l)arrels 
of flour in 9 months, how many barrels will 21 50 men 
consutne in 15 months? 

141. How many tiles 8 inches square, will cover a 
hearth 16 feet long, and 12 feet wide ? 

142. If the expense of carrying 17cwt. 3qr. 14lb. 
85 miles be $23.84, what will be the expense of carrying 
53cwt. 2qr. 150 miles, at the same rate ? 

143. Two men bought a barrel, of flour; one paid 3^ 
dollars, and the other paid 3f dollars. What part of the 
flour should each of them have ? 

144. If the corn contained in 8 bags, holding 2 bushels 
3 pecks each, be worth $ 14.25, what is the value of the 
corn contained in 7 bags, each holding 2bu. 3pk. 7qt.? 

145. A ship of war sailed with 650 men, and provision 
for a cruise of 15 months. At the end of 3 months she 
captured an enemy's vessel, and put 75 men on board of 
her. Five months after, she captured and sunk another 
vessel, and took pn board the crew, consisting of 350 
men. How long did the provisioq last, from the com- 
mencement of the cruise ? 

146. A built 156 rods of wall in a certain- time, and B 
in the same time built 13 rods to every 12 that A built. 
They were paid $ 1.25 per rod. How much did B re- 
ceive more than A ? 

147. A father bequeathed $6000 as follows; viz. f to 
his wife, ^ to his son, ^ to his daughter, and the remain- 
der to his servant. How much did each receive ? 

148. If 1^ of a pound of sugar be worth | of a shillings ^ 
what is the value of ^ of a cwt. ? 

149. If 75^ gallons of water, in one hour, run into a 
cistern, which wiU hold 6^ hogsheads, and by a pipe 24 J 
gallons an hour run out, in how many hours, minutes and 
fieccHids wiU the cistern be filled ? 

8 
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XIV. 

PERCENTAGE. 

Under this head may be classed, those computations 
which Jutrvestigate the value of a given number of hun- 
dredths of any quantity. The number of hundredths to 
be taken. or considered in any number, is called the per 
cent. The term, per cent.^ is an abbreviation of per 
centum^ which signifies by the hundred. 

Aiiy per cent, is conveniently expressed by a decimal. 
Thus, 1 per cent, of any number is .01 of that number; 
8 per cent, is .08; 2p per cent, is .25; &c. 

1 . A merchant, who has 426 dollars deposited in the 
bank, wishes to draw out 5 per cent, of his deposite. 
How many dollars must he draw ? 

Since 6 per cent, of any quantity is -jfo of 1426 

that quantity, the question to be solved in tWs .05 

example is — What is f^ of 1 426 dollars ? Or, A7l~§0 
decimally— What is .05 of 1426 dollars? The ^ — — 
answer is conveniently found by multiplying 1426 by .05. 
The whole number in the product expresses dollars, and 
the decimal expresses cent«. 

2. A trader, who went to the city with 321 dollars, to 
purchase goods, laid out 9 per cent, of his money for 
coffee. How many dollars did he pay for -coffee ? 

3. What is 1 per cent, of 100 dpUars ? 

4. What is 1 per cent, of 834 dollars ? 

5. What is 3 per cent, of 100 dollars ? 

6. What is 3 per cent, of 42 dollars ? 

7. What is 6 per cent, of 100 dollars .^ 

8. What is 6 per cent* of ^9 dollars ?" 

9. What is 7 per cent, of 100 dollars f 
lOi What is 7 per cent, of 1000 dollars ? 

11. What is 8 per cent, of 26 dollars ? 

12. What is 9 per cent, of 354 dollars .? 

13. What is 10 per cent, of 2244 dollars ? 
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14. What is 16 per cent, of 13 dollars ? 

15. What is 37 per cent, pf 21 1 dollars ? 

16. What is 99 per cent, of 100 dollars t 

17. What is 100 per cent, of 48 dollars ? 

18. A trader laid out 1214 dollars as follows. He 
paid 24 per cent, of the money for broadcloths; 38 per 
cent, for linens; 8 per cent, for calicoes; and the remain- 
der for cottons. How many dollars did he pay for each 
kind of goods ? 

When the rate per cent, is a vulgar fraction, or a mix- 
ed number, the fraction may be changed to a decimal. 
Observe, that, 1 per cent, when expressed decimally, is 
.01; therefore a fraction of 1 per cent, when reduced to 
a decimal, becomes so many tenths, hundredths, &c. of a 
hundredth. For example, as -^^ of t unit is .25 of a unit, 
so \ of 1-hundredth is .25 of a hundredtli, and is denoted 
thus, .0025. 

19. What is 3^ per cent, of 243 dollars? 
3 per cent. = .03 243 

^ per cent. = .005 .035 

^ .035 1215^ 

729 



20. What 

21. What 

22. What 

23. What 

24. What 

25. What 



8.505 .9ns. $8.50 J 



is 4^ per cent, of 2746 dollars ? 
is 7 J per cent, of 41 dollars ? 
is 12^ per cent, of 358 dollars ? 
is ^ per cent, of 100 dollars ? 
is ^ per cent, of 61 doU^s ? 
is \ per cent, of 9487 dollars ? 

26. If 8^ per cent, be taken from 36 dollars, how 
many dollars will there be remaining ? 

27. A merchant who had 400 barrels of ffour, shipped 
42^ per cent, of it, and sold the remainder. How many 
barrels did he sell ? 

28. A trader bought 800 pounds of coffee; and, in 
getting it to his store, 2^ per cent, of .it was wasted. 
How many pounds did he lose ? What did the r^emainder 
aifiount to, at 13 cents a pound ? 
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29. Two men bad 120 dollars each. One of them 
paid out 14 per cent, of his money, and the other 17 J 
per cent. How many dollars did one pay moce than the 
other ? 

30* Find 7^ per cent, of $344. - 

When there is a fraction in the 344 -^ 100=3.44 
rate per cent. whicH cannot be 71 

exactly expressed by a decimal — ^aaq 

as in this example — we first find 1142 

1 per cent, of the given sum, by 1 

dividing it by 100; that is, by cut- $ 25.22 f 

ting oft' two decimal figures, and then multiply this quo- 
tient by the mixed number expressing the rate per cent. 

31. What is 4^ per cent, of 624 dollars ? 

32. What is.6f per cent, of 38 dollars ? 

33. What is 3 1 per cent, of 2310 dollars ? 

34. What is 9| per cent, of 17 dollars ? 

35. What is 8 1 per cent, of 152 dollars.^ 

36. Find the difference between 5f per cent, of 41 
dollars, and 4y per cent, of 39 dollars. 

37. What is 7 per cent, of $24.32 ? 

Here we have cents [decimals] in the num- 24 32 

ber on which the percentage is to be taken. qj 

We however multiply as usual in decimal ^ ^ — 

multiplication; and the first two decimal fig- $1»7024 
ures in the product express cents, the third figure ex- 
presses mills, and the fourth expresses tenths of a mill. 

38. What is 14 per cent, of $641.94 ? 

39. What is 4\ per cent, of $ 37.26 ? 

40. What is 1 H per cent, of $ 150.75 .? . 

41 . What is 12^ per cent.' of $ 25.32 > 

42. If a horse and gig cost 400 doUars, and the gig 
cost 32 per cent, of the sum, what did the horse cost ? 

43. Find the difference between 13^ per cent, of 
Jl 18.09, and 7 per cent, of $41. 

44. Find the difference between 9 per cent, of $ 1$, 
and Q\ per cent, of $ 17.30. 
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45. A youBg man, who had 94 dollars deposited in the 
Savings Bank, drew out 25 dollars. What per cent, of 
his deposite did he draw out ? 

We perceive, that the sum 94)25.0(.2e||=26|4 
he drew out, was f| of the sum 188 " ^ 

he had deposited: and, since . • - 
the rate per cent* of any sum ^tt 

is a certain number of hun- . 

dredths of that sum, the ques- 56 

tion to be solved is — How many hundredths is 25- 
ninety-fourths ? — To solve this question, we change fj 
to a decimal; restricting the decimal to hundredths; that 
is, carrying the quotient no further than two places. 
Any remainder which might allow the quotient to be 
carried further, may, in cases like this, be expressed in a 
vulgar fraction.. ^ns. 26 |f per cent. 

46. A man, who was owing a debt of 240 dollars, has 
paid 32 dollars of it. What per cent, of the debt has he 
paid ? 

47. A merchant gave his note for 235 dollars, and 
soon after paid 110 dollars of the sum. What per cent, 
did he pay; and what per cent, still remained due ? 

48. If the cloth for a coat cost 12 dollars, and the 
making 7 dollars, what per cent, of the whole expense is 
the making ? 

49. What per cent, of 100 dollars is 6 dollars ? . 

50. What per cent, of $28.50 is $ 1.10 ? 

51. What per cent, of $94.12 is $4.42.? 

52. What per cent, of $ 57.08 is 32 cents ^ 

53. What per cent, of $ lOrlO is 7 cents .? 

54. What per cent, of $48.11 is 99 cents ? 

55. What per cent, of $75 is $4.18 ? 

To find the value of a rate per cent, on any sum of 
English money, — First, change the lower denominations 
of money in the sum, to^ a decimal of the highest denomi- 
nation; and then proceed to multiply by the rate, as if 
the Sum were dollars and cents. Tbe^ whole number in 
the product will be of the same denomination of money 
with the whole number in the multiplicand; and the 

8* 
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decimal in the product must be changed to the lower 
denominations. 

56. An English gentleman took passage from Liver- 
pool to Boston, in the ship Dover, having £ 672 12s. 
4d. He paid 5 per cent, of his funds for his passage. 
How much did he pay ? 



12 
20 



4. .6308 
12.333+ 20 



672.616+ 12.6160 
.05 12 



33.63080 7.3920 

4 

S.eSOAns. £33 12s. 7d.3qr.+ 

57. What is 8 per ceat. of X47 18s. 7d.? 

58. What is 3 per cent, of £9 14 s. 3qr.? 

59. What is 16 per cent, of JE22 16s. ? 

60. What is 25 per cent, of 19 s. 8d. 2qr.? 

61. What is 6 per cent, of £2584 ? . 

62. What is 50 per ceai, of 18s. lOd. 2qr.? 

63. What is 4^ per cent, of £214 15s. lOd..^ 



COMMISSION. 

Commission is the compensation made to factors and 
brokers for their services in buying or selling. It is 
reckoned at so much per cent, on the money employed 
in the transaction. 

64. What is the commission on £500 at 2^ per cent.^ 

65. Suppose I allow my correspondent a commission 
of 2 per cent., what is his demand on the disbursement 
of £36^.? 

66. If I allow my factor a commission of 3 per cent, 
for disbursing £748 11 s. 8 d. on my account, what does 
his commission amount to ? 

67. How much does a broker receive 0n a sale of 
stocks amounting tp 52648 dollars, allowing, his commis- 
sion to be ^ of 1 per cent. ? 



^ 
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68. What is tbe amount of commission on 395 dollars 
75 cents, at 3 J per cent. ? 

, 69. A commission merchant sold goods to the amount 
of 6910 dollars aod 80 cents, upon which he charged a 
commission of 2^ per cent. How much money had he 
tp pay over to his employer } 

70. Sold 94 tons, 17cwt. 3qr. of iron, at 96 dollars a 
ton, at acommission of 2^ per cent, on the sale. What 
did my commission amount to.^ How much had I to 
pay over ? 

STOCKS. 

Stock is a property, consisting in shares pf some es- 
tablishment, designed to yield an income. It includes 
government securites, shares, in incorporated banks, in- 
surance offices, factories, canals, rail-roads, &c. 

The nominal value, oi" pAr value of a share, is what it 
originaUy cost; and the real value, at any time, is the 
sum for which it will sell. When it will sell for more 
than it originally cost, it is said to be above par^ and the 
excess is stated at so much per cent, advance. When 
its real value is less than the original cost, it is said to be 
belov> par^ and is sold at a discount. 

71. Sold 10 shares in the Commonwealth Insurance 
Company, at 5 per cent, advance, the par value of a share 
being 100 dollars. How much did I receive ? 

72. Bought 15 shares in the Boston Bank, at f of 1 

Jer cent, advance, the par value being 50 dollars a share, 
fow much did I give for them ? 

73. Sold 64 shares in the State Bank, at 1;^ per cent. 
, advance, the par value being 60 dollars a share. How 

much did I receive for vthem ? \ , . 

74. Sold ^000 dollars United States 6 per cent, stock, 
\ at an advance of 7^ per cent. What was the amount of 

the sale ? ' 

75. Sold 18 shares in an msurance office, at If per 
cent, discount, the par value being 100 dollars a share. 
How much did they come to ? 



-^ I 
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. 76 Bought 16 shares m the Massachusetts Bank, at 1^ 
per cent, advance, the par ralue being 250 dollars a 
share. What was the amount of the purchase ? 

77. Bought 54 shares in th^ New York City Bank, at 
7| per cent, advance, the par value being 100 dollars a 
share. How much did they cost me ? 

78. I directed a broker to purchase 25 shares of rail- 
road stock,, at a discount of 13 per cent, the par value 
being $100 per share. Allowing the broker's commission 
to be ^ per cent., wh^t will the whole cost me ? 

79. What will 16 shares in the Philadelphia Bank cost; 
the par value being $ 100 per share, the price being 3 J 
per cent, above par, and the broker charging a conunis- 
sion of I per cent. ? . 

INStJRANCE. 

> 

Insurance is" security given, to restore the value of 
ships, houses j goods, &c., which may be lost by the 
perils of the sea, or by fire, &c. The security is given 
in consideration of a premium paid by the owner of the 
property insured. 

The premium is always a certain per cent, on the value 
of the property insured, and is paid at the time the insur- 
ance is effected. 

The written instrument, which is the evidence of the 
contract of indemnity, is called a policy, 

80. What is the amount of premium foi* Insuring 
19416 dollars at 2^ per cent. ? 

81. I effected an insurance of 3460 dollars on my 
dwelling house for oiie year at f of . 1 per cent. What 
did the preipium amoi^t to .^ 

82. If you obtain an insurance on your stock of goods 
valued at 7325 dollars, at ^ of 1 per cent, what will the 
premium amount to ? 

83. If you should take out a policy of 3168 dollars^ 
on yoiir store and goods, at a premium of 41 cents on a 
hundred dollars, what would be the ainount of premium ? 

84. An insurance of 18000 dollars was effected on 
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the ship Sturdy, on her last voyage from Boston to Cal- 
cutta, at a premium of 3 per cent, out and home. What 
did the premium amount to ? 

85. An insurance of 3500 dollars on stock in a cotton 
factory was effected at 3J per cent, for one year. What 
was the amount of premium ? 

86. A gentleman procured an insurance for one year 
on his house valued in the policy at 8756 dollars, and oh 
his furniture valued at 2139 dollars, at a premium of 39 
cents on a hundred dollars. Hqw much did the pre- 
mium amount to ? 



XV. 

INTEREST. 

Interest is a premium paid for the use of money. 

It is computed by percentage; a certain per cent, on 
the money being paid for its use, for a stated time. 

The money on which interest is paid, is called the 
Principal. The per cent, paid, is called the Rate. The 
principal and interest added together, are called the 
Amount. 

When a rate per cent, is stated without the mention of 
any term of time, the time is understood to be 1 year. 

The rate of interest is regulated by state laws, and is 
not uniform in all the states. We shall, however, first 
treat of 6 per cent, per annum, as this is the rate most 
commonly paid. 

As interest is always expressed by some rate per cent., 
the most convenient way of computing it is, to find the 
decimal expression of the rate for the time, and multiply 
the principal by this decimal: the product is the interest. 
Thus, if the rate for 1 year be 6 per cent, or .06, for 2 
years it is 12 per cent, or .12, for 3 years it is 18 per 
cent, or .18, and so on. The interest of 24 dollars for 
3 years, at 6 per cent, a year, is found thus, 24 X*18=^ 
$4.32, the interest sought. 
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Rate per cent, for Months. The decimal ex- 
pression of the rate for months, when the rate is 6 per 
cent, a year, is easily obtained; for, if the rate for 12 
months be 6 per cent, or .06, for 1 month it is -j^j of 6 
per cent, which is ^ per cent, or .005; for 2 months it 
IS 1 per cent, or .01; for 3 months it is 1^ per cent, or 
•015; for 4 months it is 2 per cent, or .02; for 5 months 
it is 2^ per cent, or .025; for a year and 1 month it is 
65 per cent, or .065; for a year and 2 months it is 7 per 
cent, or .07; for a year and 11 months it is 11 ^ per cent, 
or .115. 

1. If the rate of interest be 6 per cent, for a year, 

what is the rate for 1 month .^ for 6 months ? 

for 7 montlis ? for 8 months ? for 9 months? 

2. At 6 per cent, a year, what is the rate for a y^ar 

and 1 month? a year and 3 months? a year 

and 4 months ? a year and 10 months ? 

Rate per cent, for Days. Observe, that the rate 
for 2 months, which is 60 days, is 1 per cent, or .01; 
and for -^^ of 60 days, which is 6 days, it is -^^ of .01, 
which is .001. Now since the rate for 6 days is 1-thou- 
sandth, the rate for any number of days is as many thou- 
sandths as there are times 6 days. Therefore, to find 
the rate for days, ^X. 6 per cent, per annum, adopt the 
following RULE. Denote the days as so many thou- 
sandths^ and divide the expression by 6: the quotient 
vfill be' the rate, 
' 3. If the rate of interest be 6 per cent, for a year, what 

is the rate for 1 day ? for 2 days ? for 3 days ? 

for 4 days ? for 5 days? for 6 days ? 

for 7 days ? for 9 days ? for 24 days ? for 

26 days ? 

4. At 6 per cent, a year, what is the rate for 2 months 

and 12 days? 3 months and 10 days? for 5 

months and 18 days ? for 10 months and 29 days ? 

5.' What is the interest, and what the amount of 546 
dollars 72 cents, for 4 years 7 months 19 days, at 6 per 
cent, a year ? 
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To find the rate for 4 years, we multi- 546.72 

ply the rate for 1 year by 4; thus, .06 X .27816 

4 =.24. To find the rate for 7 months, 328032 

we multiply the. rate for 1 month by 7; 64672 

thus, .006 X 7 =.035. To find the rate 437376 

for 19 days, we denote 19 as thou9andth8^ 382704 
and divide the expression by 6; thus, 109544 

.019-r-6=.00316+. Now the sum 7- — -^ 

of these rates, .24 + .036 + .00316= [Iz'^l^^^^^ 
.27816, is the rate for the whole time; ^^^'^^ 
and by this sum we multiply the principal. 698.7956352 
The interest found, is $152.07,5 + ; ' 
which, added to the principal, gives the amount, $ 698 
.79,5+. The rate for 19 days is not exact, as the deci- 
mal does not terminate; it is, however, sufficiently near 
exactness. 

6. What is the interest of 148 dollars 92 cents, for 3 
years, at 6 per cent, per annum ? 

• 7. What is the interest of 57 dollars 10 cents, for 6 
years, at 6 per cent, a year ? 

8. What is the interest of 93 dollars 50 cents, for 4 
years, at 6 per cent, a year ? 

9. What is the interest of 608 doHars 62 cents, for a 
year and 9 months, at 6 per cent, a year } 

10. What will 713 dollars 33 cents amount to, in 2 
years and 10 months, at 6 per cent, per annum ? 

11. What wDl 1256.dollars^81 cents amount to, in 3 
months, at the rate of 6 per cent, a year ? 

12. What is the interest of 100 dollars, for 1 year 11 
months and 24 days, ^t 6 per cent, a year } 

13. To what sum will 37 dollars 50 cents amount, in 
1 year 7 months and 21 days, at 6 per cent, per annum ? 

14. What is the interest of 314 dollars 36 cents, for 1 
year 1 month and 6 days, at 6 per cent., a year ? 

15. What is the interest of 37 dollars 87 cents, for 
ir mbnths and 15 days, at 6 per cent, a year ? 

16. What is the interest of 512 ddllars 38 cents, for 
7 months and 10 days, at 6 per cent, a year ? 

17. To what sum will 691 dollars 28 cents amounf, in 
1 year and 1 month, at 6 per cent, a year ? 
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18. What is the amount of 194 dollars 69 cents, for 1 
year 5 months and 6 days, at 6 p^r cent, a year.^ , 

19. What will 32 dollars 47 cents amount to, in 9 
Jionths and 25 days, at 6 per cent, a year ? 

20. What is the interest of 217 dollars 19 cents, for 1 
year and 17 days, at 6 per cent, a year } 

21. What is the amount of 143 dollars 37 cents, for 1 
year 9 months and 4 days, at 6 per cent, per annum ? 

22. To what sum will 203 dollars 9 cents amount, in 
2 years and 18 days, at 6 per cent, per annum ? 

23. To what sum will 18 dollars 63 cents amount, in 

I year 10 months and 19 days, at 6 per cent, a year? 

24. What is the interest of 600 dollars, for 7 months 
and 22 days, at 6'per cent, a year ? 

25. What is the interest of 817 dollars 44 cents, for 

II months and 12 days, at 6 per cent, a yewr ? 

26. What is the interest of 155 dollars, for 1 year 2 
months and 10 days, at 6 per cent, a year ? 

27. To what sum will 109 dollars 12 cents amount, in 

5 months and 8 days, at 6 per cent, a year ? 

28. What is the amount of 25 dollars 92 cents, for 1 
year 4 months and 7 days, at 6 per. cent, a year ? 

29. To what sum will 65 dollars 48 cents amount, in 

1 year 1 month and 18 days, at 6 per cent, a year ^ 

30. What is the interest of 110 dollars 25 cents, for 
10 months and 4 days, at 6 per cent, a year ^ 

31. What is the interest of 2814 dollars 70 cents, for 

6 months and 3 days, at 6 per cent, a year ? 

32. What is the amount of 84 dollars 33 cents, for 8 
months and 26 days, at 6 per cent, per annum ? 

33. What is the interest of 345 dollars 68 cents, for 

7 months and 13 days, at 6 per cent, a year ? 

34. To what sum wiiri3 dollars 98 cents amount, in 

2 years 4 months and 7 days, at 6 per cent, a year ? 

35. What is the interest of 802 dollars 27 cents, for 1 
month and 5 days, at the rate of 6 per cent, a ypar } 

36. What is the interest of 1309 dollars, for 2 momhs 
and 3 days, at the rate of 6 per cent, a year ? 

37. To what sum will 23 dollars 8 cents amount, in 3 
years 6 months and 22 days, at 6 per cent a year ? 




XV. INTEREST. 97 

S3. What is the interest of 2538 doDars 17 cents, for 
3 months and 28 days, at the rate of 6 per cent, a year ? 

39. What is the amount of 1800 dollars 34 cents, for 
1 year and 2 days, at 6 per cent, a year f 

40. What is the interest of 199 dollars 16 cents, for 1 
year and 23 days, at 6 per cent, a year ^ 

41. To what sum will 49 dollars 6 cents amount, in 1 
year 2 months and 3 days, at 6 per cent, a year ? 

42. What is the interest of 201 dollars 60 cents, for 7 
years, at 6 per cent } 

43. What is the interest of 3010 dollars 75 cents, for 
3 months and 1 day, at the rate of 6 per cent, a year ? 

44. To what sum will 41 dollars 6 cents amount, m 1 
year 5 months and 14 days, at 6 per cent, a year ? 

45. What IS the amount of 60 dollars and 11 cents, 
for 1 year and 21 days, at 6 per cent, a year ? 

46. What is the interest of 1100 dollars for a year 
and 15 days, at 6 per cent, a year ? 

47. What is the interest of 9 dollars 89 cents, for 1 
year and 27 days, at 6 per cent, a year ? 

48. What is the interest of 80 dollars, for 1 year 5 
months and 12 days, at 6 per cent a year ? 

49. What is the interest of 90 dollars, for 1 year 2 
months and 6 days, at 6 per cent, a year ? 

50. To what sum will 55 dollars amount, in 3 years and 
9 days, at 6 per cent, a year ? 

51 . What is the amount of 41 19 dollars 20 cents, for 1 
year and 5 days, at 6 per cent, a year ? 

To compute interest by days, when the rate is 6 per 
cent, per annum. RULE. Multiply the principal by the 
number of days j and divide the product by 6. The quo^ 
tient is the interest in mills^ when the principal consists 
of dollars only; but when there are cents in the princi- 
pal^ cut off two figures from the right of the quotient ^ and 
the remaining figures will express the mills. 

This rule — like the rule for finding the per cent, for 
days*-— is based upon the supposition of 360 days to the 
year; and, since the year contains 365 days, the rule 
giye$ if^ part more than a true six per cent, interest* 

9 
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52. What is the interest of 86 dollars, for 20 dajSi at 
6 per cent, a year ? 

53. What is the amount of 108 dollars, for 25 days, 
at 6 per cent, a year ? 

5.4. What is the interest of 204 dollars, for 40 days, at 
6 per cent, a year ? 

55. What is the interest of 1000 dollars, for 29 days, 
at 6 per cent, a year ? 

56. What is the amount of 98 doUars 60 cents, for 35 
days, at 6 per cent, a year } 

57. What is the interest of 250 dollars, for 18 days, 
at 6 per cent, a year ? 

58. What is the interest of 61 dollars 25 cents, for 28 
days, at 6 per cent, a year ? 

59. What is the amount of 215 dollars 78 cents, for 50 
days, at 6 per cent, a year ? 

60. What is the interest of 71 dollars, for 41 days, at 
6 per cent, a year ? 

61. What is the interest of 3333 dollars, for 10 days, 
at 6 per cent, a year } 

62. What is the amount of 37 dollars 58 cents, for 16 
days, at 6 per cent, a year ? 

63. What is the ipterest of 91 dollars 80 cents, for 57 
days, at 6 per cent, a year ? 

64. What is the interest of 4109 dollars, for 18 days, 
at 6 per cent, a year f 

65. What is the amount of 5214 dollars, for 50 days, 
at 6 per cent, a year } 

66. What is the difference between the interest of 
$ 1000 for 1 year, computed by the year, and the interest 
on the same sum for the same time, computed by days; 
both at 6 per cent. ? 

It will be observed, that, in all the preceding examples, 
the rate of interest has been 6 per cent, per annum. 
The method of computing interest at any other rate per 
cent, is the same, and equally simple, when the time con- 
sists of years only; but when there are months and days in 
the time, and the rate per cent, per annum is other than 6, 
it will frequently be convenient to find the interest for a 
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yeaE firdt;, and then for the months, to take the aliquot 
parts of a year; and for the days, the aliquot parts of a 
month; as in the following examples. 

67. What is the interest of 934 dollars 34 cents, for 3 
years and 5 months, at 7 per cent, per annum ? 

934.34 
.07 



4 months is J of a Y. 3) 65.4038 

3 

196.2114 
1 month is ^ of 4 ms. 4) 21.8012 

5.4503 

$ 223.4629 



interest for 1 year 

interest for 3 years, 
interest for 4 ms. 
interest for 1 m. 

interest for 3 Y. 5 ms. 



68. What is the interest of 371 dollars 42 cents, for 
1 year 9 months and 19 days, at 7^ per cent, a year } 

371.52 
.075 



6 months is ^ of a year. 2^ 
3 months is ^ of 6 ms. 2) 
1 5 days is \ of 3 ms. 6) 
3 days is ^ of 15 days. 5) 
1 day is I of 3 days 3) 



185760 
260064 

27.86400 

13.93200 

6.96600 

1.16100 

.23220 

.07740 

$50.53268 



for 1 year, 
for 6 months, 
for 3 months, 
for 15 days, 
for 3 days, 
for 1 day. 

for the whole time 



69. What is the interest of 412 dollars 17 cents, for 1 
year 7 months and 10 days, at 7 per cent, a year ? 

70. What is the interest of 15748 dollars, for a year, 
at 4 ^ per cent. ? 

71. What is the mterest of 125 dollars 50 cents, for 2 
years at 7 per cent, a year ? 

72. What is the interest of 969 dollars, for 4 years, 
at 8 per cent, a year ? 

73. What is the interest of 655 dollars 30 cents, for a 
year, at 7 per cent. .^ 



100 AEITHMETIC. XV. 

74. What is the interest of 404 dollars 39 cents, for a 
year, at 6^ per cent.? 

75. To what sum will 1060 dollars 90 cents amount, in 
a year, at 7 per cent. ? 

76. What is the interest of 1650 dollar^ for a year, at 
30 per cent. ? 

77. What will 1428 dollars amount to, m a year and 5 
months ) at 5 per cent, a year? 

78. What is the interest of 2194 dollars 50 cents, for 
a year and 10 months, at 7 per cent, a year? 

79. What is the interest of 20750 dollars 42 cents, 
for 1 year 2 months and 20 days, at 4 J per cent, a year ? 

80. What is the interest of 1109 dollars 44 cents, for 
11 months, at 5^ per cent, a year ? 

81.. What is the interest of 717 dollars 19 cents, for 
5 months and 6 days, at the rate of 7 per cent, a year ? 

82. What is the interest of 2119 dollars 78 cents, 
for 3 months and 24 days, at 4 ^ per cent, a year ? 

83. To what sum will 107 dollars 29 cents amount, in 
^ 7 months and 5 days, at the rate of 7 per cent, a year ? 

84. To what sum will 512& dt)llars 60 cents amount, 
in 3 months and 26 days, at 5 ^ per cent, a year ? 

85. What is the interest of 8244 dollars, for 1 month 
and 20 days, at the rate of 8 per cent, per annum ? 

86. What is the interest of 1062 dollars 80 cents, for 
2 months, at the rate of 9 per cent, per annum ? 

87. What is the interest of 4008 dollars 90 cents, for 
9 months, at the rate of 7^ per cent, a year ? 

88. What is the interest of 12416 dollars 25 cents, for 
4 months, at the rate of 4 per cent, a year ? 

89. To what sum will 103 dollars 70 cents amount, 
in 1 year 2 months and 13 days, at 7 per cent, a year ? 

90. To what suni will 86 dollars 21 cents amount, in 

1 year 1 month and 27 days, at 7 per cent, a year ? 

91. What is the interest of 502 dollars 9 cents, for 1 
year 3 months and 7 days, at 7 per cent, a year ? 

92. What is the interest of 319 dollars 27 cents, for 

2 years 7 months and 1 1 days, at 7 per cent, a year ? 

93. What is the amount of 753 dollars 50 cents, for 
1 year 9 months and 21 days, at 30 per cent, a year ? 
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94. To what sum will 207 dollars 8 cents amount, in 

I year 4 months and 5 days, at 7 per cent, a year ? 

96. What is the interest of 99 dollars 10 cents, for 2 
years 1 month and 23 days, at 7 per cent, per anqum ? 

To calculate interest on English money, first reduce 
the shillings, pence and farthings, to the decimal of a 
pound; the operation will then be as simple as the opera- 
tion on Federal money. 

96. What is the mterest of J617 10 s. 6d. for 2 years 

6 months, at 4 per cent, a year ? 

£ B. d. £ £ £ 

17 10 6 = 17.525. Then, 17.525 X. 10 = 1.7525. 

X £ s. d. qr. 

1.7625 = 1 15 2-^Q Ms. 

97. What is the interest of £42 18s. 9d., for 1 year 

7 months and 15 days, at 5 per cent, per annum ? 

98. What is the interest of £23 8 s. 9d., for 6 years, 
at 7 per cent, a year } 

99. To what sum will £140 12s. 3^d.* amount, in 1 
year 4 months and 12 days, at 6 per cent, a year ? 

100. To what sum will £463 19s. 6d. amount, in 2 
years and 8 months, at 6 per cent, per annum } 

101. What is the interest of £104 16s. lO^d., for 

I I months and 27 days, at the rate of 7 per cent, a year ^ 

102. What is the interest of £90 5s. 3d., for 1 year 
1 month and 9 days, at 7 per cent, per annum } 

103. Wh^t is the interest of £512 7s. 4d., for 1 
year 2 months and 21 days, at 5 per cent, a year ? 

104. To what sum will £210 10s. 6d. amount, in 

1 year 3 months and 18 days, at 7 per cent, a year ? 

105. What is the interest of £2148 13s. 3d., for 5 
months and 17 days, at the rate of 5^ per cent, a year ? 

106. What is the interest of £750 4s. 6d., for 2 
years 3 months and 20 days, at 7 per cent, a year ? 

107. To what sum will £70 10s. amount, in 3 years 

2 months and 10 days, at 7^ per cent, a year ? 

108. What is the interest of £803 5s. 7d., for 10 
months and 14 days, at the rate of 5 per cent, per 
annum .^ 9* 
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109. To what sum will JS13 13s. 6d. amount, in 1 
year 11 months and 19 days, at 5 per cent, per annum. 



PARTIAL PAYMENTS. 

In computing interest on notes, bonds, &c. whereon 
partial payments have been made, it is customary, when 
settlement is made in a year, or in less than a year from 
the commencement of interest, to find the amount of the 
whole principal to the time of settlement, and also the 
amount of each payment, and deduct the amount of all the 
payments from the amount of the principal. 

The learner may compute the interest on the following 
notes; considering the rate to be 6 per cent, per annum, 
when BO other rate is stated. 

(110.) Boston, January 14th. 1833. 

For value received, I promise Samuel Burbank Jr. to 

pay him or order the sum of one hundred and forty-one 

dollars and eight cents, in three months, with interest 

afterward. Horace Chase. 

On the back of this note were the following endorsements. May 
1st. 1833, received seventy-five dollare. September 14th. 1833, re- 
ceived forty-five dollars. The balance of the note was paid January 
14th. 1834. How much was the balance ? 



First payment, $ 75. 
Interest, 8 m. 14 d., 3.17 

Amount, $ 78.17 



2nd.payt $45. 
Int^ 4 m. ^ 

Amount, $45^ 

78.17 



Amount of payments, $ 124.07 



Principal, $141 .08 
Int, 9 m. g.34 

Amount, 147.42 
124.07 

Balance, $23.35 



(111.) New York, May 25th. 1833. 

For value received, I promise Joseph Day to pay him 
or order the sum of three hundred and one dollars and 
forty-seven cents, on demand, with interest. 

Attest. John Smith. , Samuel Frink. 

On the back of this note, the following endorsements were made. 
July 1st. 1833, received sixty-seven dollars and fifty cents. Janu- 
ary 4th. 1834, received forty-eight dollars. April llth. 1834, re- 
ceived thirty-nine dollars. The balance of this note was paid June 
21st 1834. Required *the balance. 
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(112.) Philadelphia, June 26th. 183S. 

For value received, I promise Charles S. Johnson to 
pay him or order ninety-three dollars and twenty-eight 
cents, on demand, with interest James Ome. 

Attest. Levi Dow. 

On this note there were two endortsements, viz. Nov. 5th. 1833, 
received forty-three dollars and seventy-five cents. Feb. 22d. 1834, 
received thirty-seven dollars. What was due, May 26th. 1834| 
when the balance was paid. 

(113.) * Baltimore, March 4th. 1832. 

For value received, I promise Hay & Atkins to pay 

them or order the sum of four hundred and three 

dollars and fifty-six cents, in nine months, with interest 

afterward. Homer Chase. 

The following endorsements were made on the back of this note. 
Jan. 1st. 1833, received one hundred and eighty-four dollars. 
August 18th. 18^ received one hundred dollars. This note was 
taken up Dec. Ist. 1833. What was the balance then due upon it? 

(114.) Hartford, July 11th. 1831. 

For value received we promise Joseph Seaver to pay 

him or order the sum of two hundred and seventeen 

dollars and fifty cents, in four months, with interest after 

that time. Whiting & Davis. 

On this note there were three endorsements: viz. Nov. 16th, 
1831, received ninety-three dollars. Feb. 12th. 1832, received 
fifty dollars. August &d. 1832, received sixty-seven dollars and 
seventy-five cents. This note was taken up Oct. 4th. 1832. How 
much was then due upon it ? 

(116.) . Burlington, October 1st. 1832. 

For value received, we promise Hannum, Osgood, & 
Co. to pay them or order the sum of seven hundred and 
fourteen dollars, in three months, with interest afterward. 

Mason & Gould. 

The following payments were endorsed on the note. January 
1 st 1833, received three hundred and sixty-four dollars. May 1st. 
1833, received one hundred and twenty-five dollars and fifty cents. 
August 1st. 1833, received eighty-six dollars. Nov. 1st. 1833, re- 
ceived a hundred and ten dollars. The balance due on this note 
was paid Jan. 1st 1834. How much was it ? 
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If settlement is not made, till more than a year has 
elapsed after the commencement of interest, the preced- 
ing mode of computing interest, when partial payments 
have been made, ought not to be adopted; and indeed it 
is not in strict conformity with law. 

Xhe United States Court, and the Courts of the several 
States, in which decisions have been made and reported, 
with the exception of Connecticut and Vermont, and 
a slight variation in New Jersey, have established a gen* 
eral rule for the computation of interest, when partial 
payments have been made. This rule is well expressed 
m the New York Chancery Reports, in a case decided by 
chancellor Kent, and here given in the Chancellor's own 
words, as follows. 

*' The rule for casting interest^ token partial payments 
have been madey is to apply the payment^ in the first place^ 
to the discharge of the interest then due. If the payment 
exceeds the interest^ the surplus goes towards discharging 
the principal^ and the subsequent interest is to be com- 
puted on the balance of principal remaining due. If the 
payment be less than the interest^ the surplus of interest 
must not be taken to augment the principal; but interest 
continues on the former principal until the period when 
the payments^ taken together, exceed the interest ducj 
and then the surplus is to be applied towards discharging 
the principal; and interest is to be tomputed on the bal- 
ance, as aforesaid.^' 

The interest on the following notes, must be computed 
by the above legal rule. 

(116.) Washington, March 4th. 1832. 

For value received, I promise Nehemiah Adams to 
pay him or order the sum of one thousand two hundred 
dollars, on demand, with interest. Charles Train. 

Attest. William Dorr. 

The following endorsements were made on this note. June 
10th. 1832, received one hundred and sixty-nine dollars and twenty 
cents. Oct 22d. 1832, received twenty dollars. March 30th. 1833, 
received twenty-eight dollars. Nov. 5th. 1833, received six hun- 
dred and eighteen dollars and five cents. What was the balance 
due, on taking up this note, March 5th. 1834 ? 
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Principal, - $ 120(X 
Interest from Mar. 4, to June 10, (3 m. 6 d.) , - 19.20 

First Amount, - - 1219^ 
First payment - - - - -, - - 169^40 

Balance, forming a new principal, .... 1050.C(y. 
Interest from June 10, to Oct. 22, (4 m. 12 d.) , $23.10 
Second payment, ..... 20. 

Leaving interest unpaid, - - - - 3.10 

Interest from Oct J«, to Mar. 30, (5m. 8 d!), 27.65 

30.75 
Third payment, ..:-.. 28.00 

Leaving interest unpaid, .... 2.75 

Interest from Mar. 30, to Nov. 5, (7 m. 6 d.) , 37.80 40.55 

Second Amount, - - 1090.55 
Fourth payment, 618.05 

Balance, forming a new principal, .... 472.50 
Interest from Nov. 5, to Mar. 5, (4 m.) , - - - 9.45 

Balance due on taking up the note, - - - - $ 481.95 

• 

(117.) Richmond, Jan. 5th. 1833. 

For value received, I promise Joseph Tufts to pay 
him or order one hundred and forty-three dollars and 
fifty cents, on demand, with interest. John Hanes. 

Two payments were endorsed upon this ncte : viz. April 13ti^. 
18^, received forty-five dollars and eighty-four cents. Dec 22d. 
1833, received fifty-four dollars and fifteen cents. The balance of 
this note was paid March*28th. 1834 How much was it ? 

(118.) Raleigh, July 1st. 1832. 

For value received, I promise Charles Goodrich to 
pay him or order the sum of six hundred and twenty-five 
dollars and fifty cents, in three months, with interest after- 
ward. John Frink. 

Three payments were endorsed upon this note: viz. January 
1st. 1833, received two hundred dollars. Nov. 1st. 1833, received 
twenty dollars. Jan. 1st. 1834, received three hundred doUars. 
The balance was paid May 1st 1834. How much was it ? 

(119.) Charleston, Dec. 22d 1830. 

For value received, I promised George Winship to 
pay him or order ninety-seven dollars and eighty cents^ 
pn demand, with interest, Thomas White« 
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The endorsements made on this note were the fbUowing. Oct. 
12th. 1831, received twelve dollars eighty-five cents. July !i20llk 

1832, received twelve dollars and seventeen cents. Feh. 26tb. 

1833, received fourteen^ollars and ninety-five cents. August 26th, 
1833, received thirty-six dollars and ten cent& Required the bal- 
ance, which was paid Jan. 31st. 1834. 

(120.) Augusta, January 1st. 1331. 

For value received, I promise Israel Capen to pay 
him or order eighty-four dollars and forty cents, on de- 
mand, with interest. Edward Ruggles. 

On the back of this note were the following endorsements. Oct. 
9th. ISiSl, received nineteen dollars and thirty-two cents. July 
15th. 18^, received twenty dollars. April 9th. 1833, received 
twenty-one dollars and eighty-one cents. Oct 9th. 1833, received 
twenty-two dollars and fifteen cents. The balance of this note 
vras paid Feb. 19th. 1834. How much was it ? 

(121) New Orleans, Feb. 22d. 1830. 

For value received, I promise Maynard and Noyes 
to pay them or order the sum of nme hundred dollars, in 
three months, with interest till paid. Isaac Jettison. 

Attest. William Proctor. 

The following payments were endonsed upon the note. May 
22d. 1830, received twenty-five dollars. Sept. 2^. 1830, received 
fifieen dollars. May 22d. 1831, received thirty-five dollars. May 
S2d. 1832, received one hundred and forty-five dollars and twelve 
cents. Dec. 4th. 1832, received one hundred and twenty-five 
doUars and sixty cents. May 22d. 1833, received two hundred and 
nineteen doUars and sixty cents. Dec. 31st 1833, received two 
hundred and sixty-eight dollars and twenty-five cents. The 
balance of this note was paid Feb. 24th. 1884. What was the 
balance? 

(122.) Cmcinnati, Dec. 1st. 1830. 

For value received, I promise Horatio Davis to pay 
him or order the sum of one thousand dollars, on demand, 
with interest till paid. Edward Lang. 

Fivepartial payments were endorsed on this note : viz. Feb. 
Ist 1832| received seventy-five dollars. June 1st 1832, received 
twenty dollars. August 1st 1833, received twenty dollars. Octobef 
Ist 1833, received seven hundred and fiily dollars. Feb. Ist 1834, 
received one hundred dollars. The balance of this note was paid 
June 1st 1834. How much was it? 
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(123.) LouisviUe, April 4th. 1833. 

For value received, I promise Samuel H. Wheeler to 
pay him or order the sum of three hundred and ninety- 
six dollars, on demand, with mterest^ at the rate of 7 per 
cent, a year, till paid. George Guelph. 

Partia] payments were made on this note, as follows i Sept 14tb. 
1832, received twelve dollars.* May 4th. 1833, received eighteen 
dollars. Oct. 24th 1833, received forty-uine dollars twelve cents. 
The balance was i)aid May 30th. 1834. What was the balance ? 

(124.) Nashville, Sept. 7th. 1831. 

For value received, I promise Darius Pond to pay 
him or order the sum of four hundred and eighty-six 
dollars and ninety cents, on .demand, with interest at the 
rate of 7 per cent, a year. Martin Smith. 

The following partial payments were endorsed on this note. 
March 22d. 1832, received one hundred and twenty-five dollars. 
Nov. 29th. 1832, received one hundred and fifty dollars. May 
13th. 1833, received one hundred and twenty dollars. The bal- 
ance was paid April 19th. 1834. Required the balance. 

(125.) Albany, August 13th. 1830. 

For value received, I promise Theodore Leonard to 
pay him or order the sum of two hundred and ninety- 
eight dollars and nineteen cents, on demand, with interest 
at the rate of 7 per cent, a year. Stephen Kirkland. 

Attest. W. Stevenson. 

The following endorsements were made on this note. April 
^h. 1831, received fifly-four dollars. Dec. 17th. 1^1, received 
forty-two dollars. June, 21st 1832 received sixty-one dollars. 
Feb. 26th. 1833, received thirty-seven dollars and eighty cents. 
July 8th. 18S8, received seventy-five dollars. The balance was 
paid May 12th. 1834. How much was the balance ? 

COMPOUND INTEREST. 

Compound interest is that which is paid not only for 
the use of the principal, but also, for the use of the inter- 
est after it becomes due. 

When the interest is payable annually, find the mterest 
for the first year, and add it to the principal, and this 
amount is the prmcipal for the second year. Find the 
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> interest on this second principal, and add as before; this 
amount is the prmcipal for the third year : and so on 
through the whole number of years. When the interest 
is payable half-yearly, or quarterly, find the interest for 
half a year, or a quarter of a year, and add it to the 
principal, and thus proceed through the whole time. 
Subtract the first principal from the last amount, and the 
remainder is the compound interest. 

126. What is the compound interest of a thousand 
dollars for 3 years, at 6 per cent, per annum ? 

$ 1000. principal. 

60. interest for. the first year. 

1060. amount, principal for the second year. 

63.60 interest for the second year. 

1123.60 second amount, principal for third year. 
67.416 interest for the third year. 

1191.016 third amount. 

1000. first principal deducted. 

$191,016 Answer. 

127. What is the compound interest of 740 dollars for 
6 years, at 6 per cent, per annum ? 

128. What is the compound interest of 500 dollars, 
for 4 years, at 7 per cent, per annum ? 

129.. To what sum will 450 dollars amount, in 5 years, 
at 5 per cent, per annum, compound interest ? 

130. What is the compound interest of £760 10s. 
ior 4 years, at 4 per cent, per annum .? 

131. A gave B a note for 300 dollars, with interest at 
6 per cent, a year, payable semiannually. How much 
did It amount to m 2 years, at compound interest ? 

132. At compound interest, what will 600 dollars 
amount to in l^year, at the rate of 6 per cent, a year, 
mterest payable quarterly } 

PROBLEMS IN INTEREST. 

In reviewing the subject of simple mterest, we perceive 
foin- several problems, which arise fi-om its conditions, 
and which we shall now distmctly notice. 
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PROBLEM I. The principal, time, and rate per cent, 
given, to find the interest* 

RULE. Multiply together the decimal expressing the 
rate per annunty the time in years and the decimal of a 
year\ and the principal: the product will be the interest. 

This problem has aheady been exemplified in the pre- 
ceding pages of this article. 

PROBLEM II. The principal, time, and amomit given, 
to find the rate per cent, per annum. 

RULE. Subtract the principal from th^ amount, and 
the remainder will be the interest for the given time. 
Divide this interest by the given time expressed in years 
or the decimal of a year, and the quotient will be the 
interest for one year. Divide the interest for one year by 
the given principal, and the quotient will be the rate per 
cent, per annum. 

133. At what rate per cent, per annum must 172 dol- 
lars 40 cents be put on interest, in order to amount to 
332 dollars 74 cents, in 5 years ? 

134. Lent 61 dollars 25 cents, and in 1 year and 4 
months it amounted to 55 dollars 35 cents. What was 
the rate per cent, per annum ? 

135. Borrowed 340 dollars for 9 months, and at the 
expiration of the time it amounted to 355 dollars 30 cents. 
What was the rate of mterest per annum ? 

136. At what rate per cent, per annum must 87^ cents 
be put on interest, in order to amount to 98 cents, in 2 years ? 

PROBLEM III. The principal, rate per . cent. , and 
amount given, to find the time. 

RULE. Subtract the principal from the amount, and 
the remainder will be the interest.. Divide the interest by 
the principal, and the quotient will be the interest of 1 
dollar. Divide the interest of 1 dollar by the rate, and 
the quotient will be the time. 

137.' In what time will 89 dollars 25 cents amount to 
92 dollars 82 cents, at the rate of 6 per cent, a year ? 

138. In what time will 171 dollars 40 cents, amount to 
231 dollars 39 cents, at 7 per cent, a year .^ 

10 
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139* Borrowed 163 dollars 50 cents at 6 per cent, a 
year; at the time of payment it amounted to 176 dollars 
58 cents. How long did I keep the money i 

140. In what time will 4810 dollars 25 cents, amount 
to 6002 dollars 66 cents,, at 6 per cent, a year ? 

141. Lent 114 doUars at an interest of 7 per cent, a 
year; on its return it amounted to 127 dollars 30 cents. 
How long was it out ? 

142. In what time will $ 100, or any other sum of 
money double, at the rate of 6 per cent, per annum, 
simple interest ? 

PROBLEM IV. The amount, time, and rate per cent, 
given, to find the principal. 

RULE. Divide the amount by the amount of 1 dollar 
for the time^ and the quotient will be the principal. 

This problem forms the subject of the next article, 
under the head of Discount. 
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DISCOUNT. 

Discount is an allowance made for the payment of 
money before it is due. 

The present worth of a debt, payable at a future period 
without interest, is that sum of money, which, being put 
on interest, would amount to the debt, at the period when 
the debt is payable. 

• It is obvious, that, when money is worth 6 per cent, 
per annum, the present worth of $1.06, payable in a 
year, is $ 1. Hence, the present worth of any debt, pay- 
able in a year, is as many dollars as there are times $1.06 
in the debt. And hence we deduce the following. 

RULE. Divide the debt by the amount of 1 dollar for 
the time, and the quotient is the present worth. Subtract 
the present worth from the debt^ and the remainder will 
be the discount. 
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1. What is the present worth <$( 450 dollars, payable 
in 6 months, when money is worth 6 per cent, per 
annum ? - 

2. What is the present worth of 536 dollars, payable 
in 15 months, when money i^ worth 6 per cent, per 
annum? 

3. When money is let for 6 per cent, per annum, 
what is the present worth of a note for 1530 dollars, 
payable in 18 months ? 

4. Sold goods to the amount of 1500 dollars, to be 
paid one half in 9 months, and the other half in 18 months : 
what is the present worth of the goods, allowing interest 
to be 5 per cent, per annum ? 

5. What is the present value of a note for 2576 dol- 
lars and 83 cents, payable in 9 months, when interest is 

6 per cent, per annum ? 

6. When interest is 6 per cent, a year, what is the 
diflerence between the discount on 1285 dollars for a 
year and 8 months, and the interest of the same sum for 
the same time ? 

7^ Purchased goods amounting to 6568 dollars 50 
cents on a credit of 8 months: allowing money to be 
worth 4 per cent, a year, how much cash down will pay 
the bill ? 

8. A man, having a horse for sale, was oflered for it 
225 dollars, cash in hand, or 230 doUars payable in 9 
months: he chose the latter, although mon^y was worth 

7 per cent, a year. How much did he lose by his 
ignorance ? 

9. Bought a quantity of goods for 1831 dollars 53 
cents cash^ and the same day sold them for 1985 dollars 
48 cents on a credit of 6 months, when money was 5 
per cent, a year. How much did I gain upon the goods ? 

10. What is th^ discount on 198 dollars 60 cents, for 
9 months, when interest is 5 per cent, a year ? 

11. What is the discount on 241 dollars 81 cents, for 
7 months, when interest is 4^ per cent, a year ? 

12. What is the present worth of 741 dollars 66 cents, 
payable in 48 dnys; interest being 6 per cent.? 
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XVIL 

BANKING. 

^ A BANK is an institution which trafficks in money. It 
is owned in shares, by a company of individuals, called 
stockholders; and its operations are conducted by a Presi- 
dent and board of Directors. It has a deposite of specie, 
and issues notes or bills ^ which are used for a circulating 
medium, as money. These bills are mostly obtained 
from the bank in loans, on which interest is paid; and the 
amount of bills issued being greater than the amount of 
specie kept in deposite, a profit accrues to the bank. 

The interest on money hired from a bank, is paid at 
the time when the money is taken out — ^the hirer receiving 
as much less than the sum he promises to pay, as would 
be equal to the interest of what he promises to pay, from 
the time of hiring the money until the time it is to be 
paid. From this circumstance, the interest on money 
hired from a bank is called discount^ and the promissory 
note received at the bank is said to be discounted. 

A no'te, to be discounted at a bank, is usually made 
payable to some person, who endorses it, and who there- 
by binds himself to pay the debt, in case the signer of 
the note should fail to 'do so. Any person, therefore^ 
who holds the note of another, payable at a future time, 
may endorse it, and obtain the money for it at a bank, 
by paying the bank discount; provided the credit of the 
parties is undoubted.' 

It is customary in banks, to compute the discount on 
every note for 3 days more than the time stated in the 
note; and the debtor is not required to make payment 
until 3 days after the stated term of time has elapsed. 
These 3 days are called days of grace. 

1. What is the bank discount on 775 dollars for 30 
days, and grace, when interest is 6 per cent, a yoar? 

2. What is the bank discount on 900 dollars for 90 
days, and grace, at the rate of 6 per cent, a year ? 
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3. How much is. received on a note for 2540 doUars 
80 cents, payable in 4 months, discounted at a bank, 
when interest is 4^ per cent, a year ? 

4. A note for 452 dollars, payable in 7 months, is 
discounted at a bank, when interest is 6 per cent, per 
annum. What sum is received on it ? 

6. A note for 3000 dollars, payable in 70 days, is dis- 
counted at a bank, when interest is 6 per cent, a year. 
What sum is received on it ? 

6. A merchant bought 1625 barrels of iSour for 5 dollars 
a barrel cash, and on the same day sold it for 5 dollars 
$0 cents a barrel, on a credit of 8 months, took a note 
for the amount, and got it discounted at a bank, when 
money was 6 per cent, a year. How much did he gain 
on the flour ? 

7. A man got his note for ^ 1000, payable in 3 months, 
discounted at a bank, at the rate of 6 per cent., and im- 
mediately put the money he received for his note on 
interest for 1 year, at 6 per cent. He kept the money 
from the bank 1 year, by renewing his note every 3 
months, and paying in the required bank discount at each 
renewal. At the end of the year he received the amount 
of the money he had put on interest, and paid his note at 
the bank. How much did he lose by this exchange ? 

In the above example, interest on the several discounts 
paid into the bank forms part of the loss. 

8. A money broker subscribed for 20 shares in a new 
bank; at $100 a share. When the bank commenced 
operation he paid in 50 per cent, of the price of his stock, 
and in 6 months after, he paid in the remainder.. In 12 
months from the time the bank commenced, there was a 
dividend of 3^ per cent, on the stock among the stock- 
holders; and the same dividend accrued every 6 months 
thereafter. At the end of 3 years the broker sold his 
stock at 7 per cent, advance. Now, allowing that this 
broker hired his money, and paid 6 per cent, annually, 
how much did he make by the speculation ? 

In this example, the broker must charge amiual mterest 
on the interest he pays, and must give credit for annual 
interest on bis share of ^e dividends. 

10* 
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XVIIL 

EQUATION OP PAYMENTS. 

Equation of payments consists in finding a mean 
time for the payment at once of several debts, payable at 
different times, so that no loss of interest shall be sustained 
by either party. 

For instance, if A owes B one dollar, payable in 2 
months, another dollar payable in 3 months, and a third 
dollar payable in 4 months, at what time may the three 
sums be paid at once, without injustice to either of them ? 
It is evident, that the interest of 1 dollar for 2 months, is 
the same as the interest of 2 dollars for 1 month; and the 
interest of 1 dollar for 3 months, is the same as the inter- 
est of 3 dollars for 1 month; and the interest of 1 dollar 
for 4 months, is the same a^ the interest of 4 dollars for 1 
month: 2 dollars, 3 dollars, ai^d 4 dollars, added together, 
make 9 dollars for 1 month; but the three sums to be 
paid, when added together, make only 3 dollars, which 
sum being only a third part of 9 dollars, the term of 
credit must be three times as long, or 3 months, which 
is the equated time. This result is obtained by multiply- 
ing the sum, payable in 2 months, by 2; that payable in 
3 months, by 3; and that payable in 4 months, by 4; and 
then addmg the several products together, and dividing 
the sum of them by the sura of the debts. 

RULE. Multiply each debt by the (tme, in which it is 
payable^ and divide the sum of the products by the sum 
of the debts: the quotient will be the equated time. 

1. If I owe you 50 dollars payable in 4 months, 76 
dollar's payable in 6 months, and 100 dollars payable [n 
7 months, in what time may the three sums be paid at 
once, without loss to either of us ? 

2. A owes B 200 dollars, 40 dollars qf which is to be 
paid in 3 months, 60 dollars in 5 months, and the remain- 
der in 10 months. At what time may the whole be paid 
at once, without injustice to either party ? 
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3. Bought goods to the amount of 1553 dollars, pay- 
able at four different times, as follows; 225 dollars and 
75 cents in 4 months, 250 dollars and 25 cents in 6 
months, 425 dollars and 50 cents in 8 months, 650 dol- 
lars 50 cents in 10 months; but afterward agreed with 
my creditor to pay him all at once, at the equated time. 
What was the time ? 

4. If I owe you three sums of money payable at differ- 
ent times, viz. 50 pounds in six months, 60 pounds in 7 
months, and 80 pounds in 10 months, what is the equated 
time for paying the whole at once ? 

5. Bought goods to the amount of 1000 dollars, 200 
dollars of which was to be paid down, 400 dollars in 5 
months, and the remainder in 15 months; but it was 
afterward agreed, that the whole be paid at once. In what 
time ought the payment to be made ? 

6. A merchant has due to him a certain sum of money, 
to be paid as follows; ^^ in 2 months, ^ in 3 months, and 
the rest in 6 months. What is the equated time for pay- 
ing the whole ? 

7. Sold goods amounting to 1296 dollars, of which 346 
dollars was to be paid in 2^ months, 323 dollars in 6 
months, and the balance m 10 months; but the purchaser 
afterward agreed to make but one payment of the whole. 
What term of credit ought he to have ? . 

8. Bought goods to the amount of 640 dollars 80 
cents, payable \ down, :]^ in 4 months, -J^ in 8 months, 
and the balance in a year; but afterward made an agree- 
ment to pay the whole at one time. In what time ought 
I to pay for the goods f 

9. A merchant has due to him $300 to be paid in 60 
days, $500 to be paid in 120 days, and $750 to be paid 
in 120 days. What is the equated time for these due? ? 

10. A owes B $1200, to be paid in 8 months; but A 
offers to pay $400 in 4 months, on CQndition that the 
remainder shall continue unpaid an adequate term of time. 
In what time ought the remainder to be paid ? 

11. If a debt of $1000 be payable at the end of 7 
months, and the debtor agree to pay $ 300 at present, 
what is the proper time for paying the rest ? 
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XIX. 

PROFIT AND LOSS. 

The ascertaining what is gained or lost in buying and 
selling, and the adjusting of the price of goods so as to 
gain or lose a certain sum, or a certain per cent., come 
under the head of Profit and Loss. 

1 . Bought a piece of broadcloth containing 28 yards 
for 112 dollars, and sold it at 5 dollars 25 centg a yard. 
How much, and what per cent, was my profit ? (See 
Art. XIV, Example 45.) 

2. Bought 3 pieces of broadcloth, containing 28 yards 
each, at 5 dollars 25 cents a yard. At what price per 
yard must I sell it, to gain 20 per cent. } 

3. Bought cloth at 4 dollars 60 cents a yard, which, 
not proving so good as I expected, I sold at 3 dollars 91 
cents a yard. What per cent, did I lose } 

4. Bought 1250 barrels of flour for (5250 dollars. At 
what price per barrel must I sell it, to make a profit of 
12^ per cent. .^ 

5. Bought 30 hogsheads of molasses, at 20 dollars a 
hogshead, in Havana; paid duties 20 dollars 66 cents; 
freight 40 dollars 78 cents; porterage 6 dollars 5 cents; 
insurance 30 dollars 84 cents. What pet cent, shall I 
gain by selling at 26 dollars per hogshead ^ 

6. Bought wheat at 75 cents a bushel; at what price 
per bushel must I sell it, to gain 20 per cent. } 

7. A merchant received from Lisbon 180 casks of 
raisins, containing 80|lb. each, which cost him 2 dollars 
18 cents a cask. At what price per cwt. must he sell 
them, to gain 25 per cent; } 

8. If I sell sugar at 8 dollars per cwt., and thereby 
lose 12 per cent., what per cent, do I gain or lose, by 
selline the same at 9 dollars per cwt. } 

9. If I purchase 6 pipes of wine for 816 dollars, and 
sell it at 59 dollars 50 cents a hhd. do I gain or lose, and 
what per cent. ? 
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10. If you purchase 5cwt. Iqr. 12lb. of rice, at 2 
dollars 80 cents per cwt., at what price per pound must 
you sell it, to make 6 dollars on the whole ? 

11. If I purchase 13cwt. of coffee at 12^ cents per 
pound, at what price per lb. must I sell it, to gain 80 
dollars 8 cents on the whole ? 

12. A miller sold a quantity of corn at 1 dollar a 
bushel, and gained 20 per cent. ; soon after, he sold of 
the same, to the amount of $37.50, and gamed 50. per 
cent. How many bushels were there in the last parcel, 
and at what. did he sell it per bushel ? 



XX. 

PARTNERSHIP. 

Partnership is the union of two or more individuals 
in trade. The company thus associated is called a firm: 
and the amount of property, which each partner puts 
into the firm, is called hiis stock in trade. The profit or 
loss is shared among the partners, when the stock of each 
is employed an equal length of time, in proportion to 
each partner's stock in trade; but, when the stock of 
the several partners is employed in the firm unequal 
terms of time, in proportion to each one's stock and the 
time it was employed. 

1. A, B, and C entered into partnership, and the stock 
of each was employed in the firm one year. A put in 
240 dollars, B 360 dollars, and C 120 dollars. They 
gained 350 dollars. What wais each partner's ^hare of the 
gain ? 

We find in this example, that the whole capital of the 
firm was 720 dollars. A's stock was 240 dollars, and 
he must have f|§ of the gain. B's stock was 360 dollars, 
and he must have f|ft of the gain. C's stock was 120 
dollars, and he must have ^|^ of the gam. Observe the 
following statement. 
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^4^=1 ; and f of $ 350. is 1 16f dollars, A*s share. 
^|.o.=|; and I of $350. is 175 dollars, B's share. 
|2o =, j ; and \ o f $350. is 58^ dollars, C's share. 

$ 350 Proof. 

2. Messrs. Ralph Wheeler, Samuel Slade, and James 
Libbey formed a connexion in business under the 5rm of 
Wheeler, Slade, and Libbey. Wheeler put into the firm 
2500 dollars; Slade 2000 dollars; and Libbey 1500 dol- 
lars. The stock of the several partners was in trade the 
same term of time, and they gained 1500 dollars. What 
was each partner's share of the profit.** 

3. Messrs. Joel Haven, Israel Varnum, Tyler Penni- 
raan, and James Conant formed a partnership under the 
firm of Haven, Varnum, and Co. Haven put into the 
firm 4000 dollars, Varnum 2500 dollars, Penniman 1500 
dollars, cftid Conant 750 dollars. They traded in partner- 
ship 3 years, and gained 1750 dollars. How much was 
each partner's share of gain f 

4. A, B, C, and D traded together one year. A put 
in 800 dollars, B 500 dollars, C 300 dollars, and D 150 
dollars; but by misfortune they lost 350 dollars. What 
loss did each partner sustain ? 

5. A gentleman dying, left two sons and a daughter, 
to whom he bequeathed the following sums; viz. to the 
elder son 1200 dollars, to the younger, 1000 dollars, and 
to the daughter 800 dollars; but it was found that his 
whole estate amounted only to 750 dollars. How much 
did each child receive from the estate ? 

6. Three merchants bought a ship, for which they 
gave 8000 dollars. A paid 2850 dollar's, B 1980 dollars, 
and C the rest: in her first voyage she cleared 6400 
dollars. How much of the profit had each partner ? 

7. A and B traded together. A put into the firm 540 
dollars, and B the rest: they gained 387 dollars, of 
which B's share was 225 dollars. What was A's gain, 
and what was B's stock ? 

8. The capital, stock in the firm of Parmer, Turner 
and Hancock, was 18477 dollars 60 cents. Parmer's 
stock was 9238 dollars 80 cents; Turner's 6929 dollars 
10 cents; and Hancock's the remainder. The stock 
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of the several partners was in the iSrm the same term of 
time: by misfortunes of various kinds, they lost 12375 
dollars 20 cents. What loss did each partner sustain ? 

9. A, B, and C traded in partnership. A's stock 
was 385 dollars 50 cents; B's 297 dollars 75 cents; C's 
175 dollars 25 cents: they gained 343 dollars 40 cents. 
What was each one's share of gam ? 

When the stock of the several partners is in the firm 
unequal terms of time, the profit or loss must be appor- 
tioned with reference both to stock and time. Thus, 
A, B, and C, traded in company; A put in 200 dollars 
for 3 months, B 180 dollars for 5 months, and C 70 dol- 
lars for 10 months: they gained 132 dollars. Now, to 
apportion this gain justly, ^e ftiy that A's 200 dollars 
for 3 months was the same as 600 dollars for 1 month; 
B's 180 dollars for 5 months the same as 900 dollars for 
1 month; and C's 70 dollars for 10 months the same as 
700 dollars for 1 month; therefore it is the same as if A 
had put in 600 dollars, B 900 dollars, and C 700 dollars, 
all for an equal term of time. These sums added together 
make 2200 dollars; therefore, A had ■^^•^q of the gain, B 
^%Vo 5 ^^^ ^ 5^fe • These fractions, when reduced, are 
ih^i ^5' ^"^ 25- ^^ ^f ^^^ dollars is 6 dollars; then A 
had 6 times 6 dollars, B 9 times 6 dollars, and C 7 times 
6 dollars. 

RULE. J[Iultiply each partner^s stock by the time it 
was in the firm; make each product the numerator of a 
fraction^ and the sum of the products a common denomi^ 
nator; then multiply the whole gain or loss by each of 
these fractions^ for each partner's share. 

10. A, B, and C traded in company. A put in 400 
dollars for 9 months, B 300 dollars for 6 months, and C 
20Q dollars for 5 months: they gained 320 dollars. 
What was the gain of each ? ■ 

11. X, Y, and Z formed a partnership. \X put iifto 
the firm 500 dollars for 18 months, Y 380 dollars for 13 
months, and Z 270 dollars for 9 months; but they lost 
818 dollars 50 cents. What was the loss of each ? 
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12. R and S entered into partnership for 16 months; 
R put in at first $ 1200, and at the end of 9 months 
$200 more. S put in at first $ 1500, and after 6'months 
had elapsed he took out $500. In this partnership they 
gained $ 772.20. How must the gain be divided ? 

13. On the first day of January, A began business with 
380 dollars; on the first day of May following, he took 
B into partnership with 270 dollars; on the first day 
of the next August, they took in C with 400> dollars: at 
the end of the year, they found there was a gain of 436 
dollars. What share of the gain had each ?. 

14. Gould and Davis entered into partnership for one 
year. Gould ^s stock, at first, was only 500 dollars, but 
at the end of 5 mondis he put in 150 dollars more. 
Davis's stock, at first, #as 600 dollars, but at the end of 
9 months he took out 200 dollars : at the end of the year, 
it was found they had gained 682 dollars 50 cents. What 
was the gain of each partner ? 

15. Three farmers hired a pasture at 60 dollars 50 
cents for the season. A put in 5 cows 4^ months, B 
8 cows 5 months, and C 9 cows 6^ months. What 
rent did each pay ? 

16. A and B hired a coach in the city, to go 40 miles 
for $20, with liberty to take in two more passengers. 
When they had ridden 15 miles they admitted C; and on 
their return, withm 25 miles of the city, they admitted D. 
As each person is to pay in proportion to the distance 
he rode, it is now required to settle the coach hire justly 
between them. 

17. Messrs. Howard, Bender, Dorr, and Tremere 
were partners for 2 years, under the firm of Joseph 
Howard and Co. When the firm commenced business, 
Howard's stock was 6000 dollars. Bender's 3500 dollars. 
Dorr's 2800 dollars, and Tremere's 1700 dollars. At 
the end of 8 months, Howard withdrew 3000 dollars 
from the firm; after trading 10 months, Tremere added 
1300 dollars to his former stock; at the end of the first 
year, Bender withdrew 800 dollars. At the close of the 
two years, they had gained 3608 dollars 40 cents. How 
much was each partner's share of the gain ? 
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XXI. 
BANKRUPTCY. 

» 

In the course of mercantile business, it happens not 
unfrequently, that a merchant, either from misfortune or 
imprudence, becomes insolvent, and what property he has, 
is distributed among his creditors in proportion to their 
respective dues. 

Questions in bankruptcy are performed on the same 
principle with those in partnership: we first ascertain the 
amount of the bankrupt's property, then the amount of 
his debts, next what per cent, he pays, and then multiply 
the sum due to each creditor by the decimal expressing 
the per cent, which the debtor pays. 

1. A man failing, owed the following sums: to A 120 
dollars 68 cents, to B 150 dollars 75 cents, to C 310 
dollars 32 cents, to D 208 dollars 25 cents; and his whole 
property amounted to only 632 dollars, which was divided 
among them ip proportion to their respective demands. 
How much did each receive ? 

2. If the money and effects of a bankrupt amount to 
3361 dollars 74 cents, and he is indebted to A in the 
sum of 1782 dollars 24 cents, to B 1540 dollars 76 cents,, 
and to C 2371 dollars 17 cents, how much will each 
of them receive ? 

3. A person failing in trade, owed A 539 dollars, B 
756 dollars SO cents, C 854 dollars 16 cents, and D 
1200 dollars; his property amounted to 837 dollars 49 
cents, which was distributed among them in proportion 
to their several demands. How much did each creditor 
lose by the failure i 

4. A bankrupt owes A 813 dollars 74 cents, B 3673 
dollars 46 cents, C 1840 dollars 40 cents, D 117 dollars 
80 cents, and E 814 dollars 60 cents, his whole proper- 
ty, worth 4029 dollars 30 cents, he gives up to his credi- 
tors. What per cent, does he pay, and hiow much dees 
each creditor receive ? 

11 
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xxii. 

ASSESSMENT OF TAXES. 

Taxes are imposts paid by the people for the support 
of government. They are assessed on the citizens in 
proportion to their property; except the poll tax, which 
is assessed by the head without regard to property. 

An accurate inventory of all the taxable property of 
every citizen is indispensable to a iust assessment of 
taxes, and is the first thing to be obtamed. 

When a tax is to be assessed on property and polls, we 
first ascertain the amount which the polls pay, and deduct 
it from the sum to be raised; then apportion the remain- 
der according to each man's property. 

To eflect the apportionment, we find what per cent, of 
the whole property to be taxed, the sum to be raised 
is; then multiply each man's inventory by that per cent, 
expressed in decimals, and the product is his tax. 

1, A tax of four hundred and fifty dollars is to be as- 
sessed on a parish, in which there are 40 rateable polls. 
Of this tax, that to be assessed on the polls amounts to 
50 dollars; leaving 400 dollars to be assessed on the real 
and personal property of the parish, which by inventory 
is 40000 dollars. What mu»t a parishioner pay, whose 
real estate in the inventory is 700 dollars, personal prop- 
erty 160 doflars, and who pays for one poll ? 

400 dollars is one per cent. (.01) of 40000 dollars. 
Real estate 700 
Personal estate 150 

Total property 850 

.01 



Tax on property 8.50 ,- ' : 

Poll tax 1.25 / 

Total tax $9.75 Ms. 
2. An incorporated town, in which the i^ and personal 
property was valued in the inventory at 72856 doluurs, and 
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in which there were 164 rateable polls, voted to raise 
1285 dollars 34 cents by taxation. The tax on each poll 
was 1 dollar 25 cents. How ihuch did A pafr, whose 
real estate stood in the mventory at 2146 dollars, personal 
property at 224 dollars, and who paid for 1 poD ? How 
much did B pay, whose real estate in the inventory was 
1000 dollars, his personal property 140 doUars, and who 
pmd for 2 polls .^ How much did C pay, whose real 
estate was valued at 785 dollars, personal property at 103 
dollars, and who paid for 3 polls ? How much did D 
pay, whose real estate in the inventory was 4000 dollars, 
personal property 478 dollars, and who paid for 1 poll ? 
How much did E pay, who had no real estate, whose 
personal property was valued at 250 dollars, and who 
paid for 4 polls ? How much did a single woman pay, 
whose real estate was valued at 500 dollars, and her per- 
sonal property at 120 dollars f 

Assessors find it most expedient to* make a table, which 
shall exhibit at once, the tax on all sums, from $ 1 up to 
any amount required. The table is made by multiplying 
the per cent, which the tax amounts to, by the several 
numbers, 1, 2, 3, 4, and so on. 

The following is a table of taxes to be made when 1^ 
per cent, is to be raised on the valuation of property. 



$ 1 pays 


.015 


$20 pay .30 


$ 200 pay 


$3.00 


2 " 


.03 


30 " .45 


300 '' 


4.50 


3 '' 


.045 


40 " .60 


400 " 


6.00 


4 " 


,06 


50 " .75 


500 " 


7.50 


5 '' 


.075 


60 " .90 


600 '' 


9.00 


6 " 


.09 


70 " 1.05 


700 " 


10.50 


7 '' 


.105 


80 " 1.20 


800 " 


12.00 


8 " 


.12 


90 " 1.35 


900 " 


13.50 


9 " 


.135 


100 " 1.50 


1000 " 


15.00 


10 " 


.15 









3. By the above table, what would be the tax on 
$6425 real estate, and $2346 personal estate ? 

4. By the above table, what would be the tax of a 
freeholder, whose real estate is valued at $9842, and 
personal estate, at $ 15066; poll tax $ 1.25 ? 
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XXIIL 

GENERAL AVERAGE. 

Whenever a ship is in distress, and the master defib- 
erately makes a sacrifice of any part of the lading, or of 
the ship's furniture, masts, spars, rigging, &c. for the 
preservation of the rest, all the property on board, which 
is saved by the sacrifice, must contribute towards the 
value of wha.t is thus sacrificed. The contribution is 
called a oEiieRAL average ; and the property sacrificed 
called the j^ison. 

If a vessel "is accidentally stranded, and by extraordi- 
nary labor and^^xpense is set afloat, and enabled to com- 
plete her voya^^lw^ith the cargo on board, the expense 
bestowed for this ofeect al$o becomes a subject for general 
average. /^ 

When a vessel ha^ l^een forced by accidents, arising 
from the perils of the sea, to enter a port in order to re- 
pair, all the charges incurf6d in consequence, together 
with the wages and provision's pf -the master and crew 
during tlie delay, are brought into a general average. 

The contributory interests are the ship, the cargo, and 
the freight; and these must be cleared of all charges at- 
tached to them, before the average is made. 

The contributory value of freight, in the ports general- 
ly, is ascertained by deducting one third of the gross 
freight; in New York, however, one half is deducted. 
This deduction is made for seamen's wages. 

In computing a general average for masts, rigging, &c. 
a deduction of one third is made from the cost of re- 
placing them; because the new articles are supposed to 
be so much better than the old ones. 

Partictilar average is nothing more than a partial loss, 
and is borne wholly by the owner of the property damaged. 
In making a general average, the partial loss, or particular 
average, is deducted from the original value of the dam- 
aged property, and the remamder contributes to the. 
general average. 
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The jettison contributes to a general average; other- 
wise its owner would not share in the general loss. 

1. The brig Ceres sailed from Gottenburg on the 
24th. of August 1833, bound for Boston with a cargo of 
iron and steel. She suffered considerable damage from 
tempestuous weather, and arrived in Boston harbor Oc- 
tober 13th., where she got aground on Williams's Island, 
and v^ obliged to discharge part of her cargo in lighters, 
in order to get the vessel off. After this she was mooored 
in safety at a wharf. 

The expense of lightening the vessel, to get her afloat, 
was 106 dollars and one cent, and was borne by a general 
average. 

From the surveyor's report, it appears that the damage 
sustained by die vessel on the voyage was 1195 dollars 
73 cents. The premium for insurance was 304 dollars 
27 cents. 

Contributory interests. 

Vessel, valued at $ 8000. ' r 

Less, damage and premium, 1500. 6500. 

Freight, gross amount, 1276.96 

Less 1^, as usual, for seamen's wages, 425.65 851.31 

Cargo, shipped by 

James Fullerton & Co. $273.82 
Joshua Crane 626.67 

John Bradford 10378.48 

Wm. Parsons 1144.32 12423.29 

^60|^=.00536-f $19774.60 

Apportionment of contribution. 

Vessel, (6500 by .00536) pays 1 34.84 
Freight, 851.31 " " " 4.56 
Cargo, 12423.29 " " " 66.61 $106.01 

James Fullerton & Co. $1.46 
Joshua Crane 3.37 

John Bradford 55.64 

Wm. Parsons 6.14 

$66.61 
11* 
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2. The schooner Crescent, on her passage from East- 
port to New York, sustained so much damage, that she 
was obliged to put into Plymouth to repair. The ex- 
penses incurred by putting into this harbor, viz. the pilot- 
age, protest, dockage, commission, wages and provision 
of the master and crew while in harbor, amounting to 
$73.18, were paid by a general average, made in New 
York, on the arrival of the vessel in that port. 

The vessel was valued at $4500, and tiie premium and 
repairs were estimated at $ 900. The gross freight was 
$153. 
Cargo, shipped by E. Poster $ 600. 

Greason and Haughton 240. 
Gold and Tucker 210. 

Bucknam and GunnisOn 400. 
Samuel Whaler 160. 

Buck and Hammond 221.37 

What per cent, of the contributory interests was the 
general average ? How much did each of the interests, 
and each of the shippers pay f 

3. Ship Coral, on her passage from Boston to New 
Orleans, grounded at the bar of the river Mississippi, 
threw overbold part of her cargo to lighten, when near 
the breakers; broke an anchor, anchor stock,, and wjnd- 
lass by strain in heaving off, and took a steamboat to 
bring her into port, while in this disabled situation. 

Statement of loss to be made up by a general aver- 
age., 

A. Howard's goods, thrown overboard, $925.00 

Expense of steamboat, 100.00 

Freight lost in consequence of jettison, 17.78 

Damage to cable in heaving off, 50.00 

Anchor broke and lost,- 150.00 

All other damage, 57.00 

Protest $14. Adjusting average $50. 64.00 

$1363.78 
Agent's conmiission 5 per cent. 68.19 

Amount to be made up by the average, $ 1431*97 
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Contributory interests. 
Ship valued at N. Orleans, in cash, $ HOOD. 

Freight, gross amount $8^2.48, less |, 574.99 

Cargo shipped by Bridge & More $ 1 8 1 35 . 

How & Mears 17000. 

Gray & Bellows 14680. 

James Russell 3670. 

A. Howard 925. 

$54410. 54410. 

Amount of contributory interests, $ 65984.99 

What is the loss per cent, f How much does the ship, 
how much does the freight, and how much does each of 
the shippers contribute to the general average } 
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CUSTOM-HOUSE BUSINESS. 

In every port from which merchandise is exported to 
foreign countries, and into which foreign merchandise i3 
imported, there is an establishment under the direction 
of the government, called a Custom House. The object 
of this establishment is, to execute the laws of the United 
States in the collection of duties imposed on certain arti- 
cles of imported merchandise, and on the tonijage of 
vessels employed in commerce. 

In order to secure the exact collection of duties, the 
law provides, that the cargoes of vessels employed in 
foreign commerce, shall be inspected, and weighed or 
gauged by the custom-house officers. In the custom- 
house weight and gauge of goods, certain allowances are 
made on account of the box, cask, bag, &c. containing 
the goodd, and on account of leakage, breakage, &c. 

ALLOWANCES. 

Draft is an allowance made from the weight of each box, 
bag, cask, &c. of goods,^n account of probable waste. 
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Tare is an allowance made for the weight of the box, 
bag, cask, &c. containing the goods. 

The whole weight of any parcel of goods, inchidmg 
the weight of the box, bag, cask, &c. containmg th^ 
goods, is called the gross weight. 

The weight of any parcel of goods after the draft and 
tare have been deducted, is called the neat weight. 

The allowance for draft is stated in the following table. 

On a single box, &c. weighing 1 cwt. or 112 lb. 1 lb. 

" weighing above 1 cwt. and under 2 cwt. 2 lb. 

" " weighing 2 cwt. and under 3 cwt. 3 lb. 

" " " 3 cwt. and under 10 cwt. 4 lb. 

« " " 10 cwt. and under 18 cwt. 7 lb. 

" " " 18 cwt. and upwards, 9 lb. 

Observe, that the tare is computed on the remainder 
of any weight, after the draft has been allowed: and in 
casting tare, any remainder, which does not exceed half a 
pound, is not reckoned; but, if it exceed half a pound, it 
is reckoned a pound. 
The tare on sugar in casks, (exceptloaf) is 12 per cent. 

" on sugar in boxes, - - - 15 per cent. 

** on sugar in bags or mats, - - 6 per cent. 

" on cheese in hampers or baskets, 10 per cent. 

" on cheese in boxes, - . - 20 per cent. 

^'* on candles in boxes, - - 8 per cent. 

" on chocolate in boxes, - - 10 per cent: 

" on cotton in bales, - - - 2 per cent. 

" on cotton in ceroons, - - 6 per cent. 

" on glauber salts in casks, - - 8 per cent. 

" on nails in casks, - - - 3 per cent. 

" on pepper in casks, - •» - 12 per cent. 

" on pepper in bales, - - - 5 per cent. 

" on pepper in bags, - - - 2 per cent. 

" on sugar candy in boxes, - - 10 per cent. 

" on soap in boxes, - - - 10 per cent. 

" on shot in casks, - - - 3 per cent. 

*^ on twine in casks, - - - 12 per cent. 

" on twine in bales, - . - 3 per cent. 
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Tare on all other goods paying a specific duty, is 
allowed according to the statement of the same in the 
invoice of the goods, which is considered the actual 
weight of the box, bag, cask, &c. 

The importer may always have the invoice tare allowed, 
if he make his election at the time of making his entry, 
and obtain the consent of the collector and naval officer. 

For leakage, 2 per cent, is allowed on the gauge, on 
all merchandise in casks paying duty by the gallon. 

For breakage, 10 per cent, is allowed on all beer, ale, 

and porter in bottles, and 5 per cent, on all other liquors 

in bottles; or the importer may have the duties computed 

on the actual quantity by tde, if he so chooses at the 

' time of entry. 

The common-size bottles are estimated at the Custom- 
house to contain 2f gallons per dozen. 

1 . What is the neat weight of 40 hogsheads of sugar 
weighing gross Bcwt. 3qr. each; draft and tare as in the 
tables ? 

89200 lb. gross weight. 
40X4= 160 lb. draft. 

S9040 
12per cent, of 39040 is 4684.8 4685 lb. tare. 

34355 lb. neat weight. 

2. What is the neat weight of 25 bags of pepper, weigh- 
ing gross 1 cwt. each; draft and tare as in the tables ? 

3. Find the neat weight of 6 chests of Souchong tea, 
weighing gross 98 lb. each, tare 221b. per chest. ^ , 

4. Find the neat weight of 12 casks of raisins, weigh- 
ing gross 1301b. each; draft as in the table, tare 121b. 
per cask. 

6. What is the neat weight of 8 chests of green tea; 
gross weight 1021b. each, tare 20 lb. per chest ? 

6. What is the neat weight of 9 bags of coffee, weigh- 
ing gross 114 lb. each, draft as in table, tare 2 per cent. ? 

7. What is the neat weight of 4 casks of glauber salts, 
gross weight as follows; the first 1501b.; the 2d. 1751b.; 
3d. 2281b.; 4th. 2641b.; draft and tare as m tables ? 



130 ARITHMETI-C. XXIV. 

8. What is the neat weight of 4 hogsheads of madder; 
weighing gross llcwt. 2qr. each; draft bemg allowed as 
in the table, tare Icwt. 2 qr. per cask ? 

DUTIES. 

The duties paid on goods imported from foreign coun- 
tries into the United States, are either ad valorem or 
specific. 

The ad valorem duty is a certain per cent, of the 
actual cost of the goods in the country from which they 
are brought. 

The specific duty is fixed at a certain sum per ton, 
hundred weight, pound, gallon, square yard, &c. 

Observe that the allowances for tare, draft, &c. are 
to be made, before the duties are computed. 

9. What is the duty on an invoice of silk goods, which 
cost in Canton 4836 dollars, at 10 per cent, ad valorem ? 

10. What is the duty on an invoice of woollen goods, 
which cost in England 5729 dollars, at 44 percent, 
ad valorem ? 

11. Compute the duty on 6 boxes of chocolate, weigh- 
ing gross 1 cwt. per box; draft and tare as in the tables; 
duty 4 cents per lb. 

12. Cast tibe duty on 12 boxes of Windsor soap; 
gross weight 84 lb. per box; cost in England 1 dollar 
per lb.; tare as in the table; duty 15 per cent. 

13. Calculate the duty on 5 boxes brown Havana 
sugar; gross weight as follows; the first, 7cwt. 2qr.; 
2d. 8cwt. 3qr.; 3d. 9cwt. Iqr.; 4th. lOcwt. 3qr. 
201b.; 5th. llcwt. Iqr. 14lb.; draft and tare as in the 
tables; duty 2^ cents per lb. 

14. What is the duty on a cargo of 148 tons of iron, 
at 30 dollars per ton ? 

15. Compute the duty on 4 pipes of wine; allowance 
for leakage as in the table; duty 7^ cents per gallon. 

16. Cast the duty on 10 gross of London porter; 
allowance for breakage as in the table; duty 20 cents 
per gallon. 
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17. What is the duty on 10 boxes of Spanish cigars, 
containing 1100 each; duty $2.50 per 1000 ? 

18. Compute the duty on 4 casks of Rochelle salts, 
invoiced at $ 10 per cwt.; gross weight of 1st cask 1 cwt. 
2qr. 121b.; 2d. Icwt. 1 qr.lTlb.; 3d. 2cwt.3qr. 7lb.; 
4th. 4 cwt. ]qr.; draft as in table; tare 8 ,per cent.; 
duty 15 per cent, ad valorem. 
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RATIO. 

Ratio is the mutual relation of two quantities of the 
same kind to one another. 

By finding how many times one number is contaiped 
in another, or what part one number is of another, we 
obtain their ratio. Thus, the ratio of 2 to 4 is 2, because 

2 is contained 2 times in 4; and the inverse ratio is f , 
because 2 is f of 4. Both these expressions of the ratio 
of 2 to 4 amount to the same thing, which is, that one of 
tlie numbers is twice as great as the other. 

By the ratio of two quantities is meant only their rela- 
tive magnitude; for, notwithstanding the absolute magni- 
tude of 2 poimds and 8 pounds is much greater than 
that of 2 ounces and 8 ounces, yet the relative magnitude 
or ratio of the two latter is just the same with that of the 
two former; because, 2 ounces are contained just as many 
times in 8 ounces, as 2 pounds are in 8 pounds; or, 2 
ounces are just as great a part of 8 ouoces, as 2 pounds 
of 8 pounds. 

It is evident that only quantities of the same denomi- 
nation can have a ratio to one another; for it would be 
absurd to inquire how many times 1 dollar is contained m 
4 rods, or what part of 4 rods 1 dollar is. 

A ratio is denoted by two dots, similar to a colon: thus, 

3 : 9 expresses the ratio of 3 to 9. The former term 
of a ratio is called the antecedent, and the latter the con-' 
sequent. Thus 6 : 12 expresses the ratio of 6 to 12, in 
which 6 is the antecedent, and 12 the consequent. 
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Since a ratio indicates how many times one nuidber 
is contained in another, or what part one number is of 
another, it is a quotient resulting from the division of one 
of the terms of the ratio by th^ other, and may be ex^ 
pressed in the form of a fraction: thus, the ratio 6 : 3 may 
be expressed by the fraction f , or conversely f. 

When any two numbers are multiplied, each by the 
same number, the ratio of the products is the same with 
the ratio of the multiplicands. Thus, take 3 : 6, and multi- 
ply the antecedent and consequent, each by 6, and the 
products 15 and 30 have the same ratio with 3 and 6; 
that is, 15 is contained just as many times in 30, as 3 is 
in 6; or 15 is the same part of 30, that 3 is of 6. 

Also, if two numbers be divided, each by the same 
number, the ratio of the quotients is the same with the 
ratio of the dividends. Thus, take the ratio of 9 : IB, and 
divide each term by 3, and the quotients 3 and 6 have 
the same ratio with 9 and 18; because 3 is contained as 
many times in 6, as 9 is in 18; or 3 is the same part of 
6, that 9 is of 18. 

A ratio resulting from the multiplication of two or more 
ratios together, that is, the antecedents into the antece- 
dents, and the consequents into the consequents, is called 
a compound ratio. Thus, 6 : 48 is the compound ratio of 
1 : 2, 3 : 4, and 2:6; because 6 is the product of all the 
antecedents, and 48 of aU the consequents. This is ex- 
pressed in fractions with the word "of" between them: 
thus, making the antecedents the numerators, ^ of | of | ; 
making the consequents the numerators, f of f of | . 

Two ratios may be equal to one another, as well as two 
quantities. The equality of two ratios is denoted by ithe 
sign placed between ^them; thus, 2 : 4=3 : 6 signifies 
that the ratio of 2 to 4 is equal to the ratio of 3 to 6. 



PROPORTION. 

The equali^ of 2 ratios is called a peofortion, and 
the terms are called jiroporttonab; and in a proportion, 
the first and fourth terms, thatis, die antecedent oftfae first 
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ratio and the consequent of the second, are called the 
extreme terms; and the second and third terras,^ that is, 
the consequent of the first ratio and the antecedent of 
the second, are called the mean terms. Thus, in the pro- 
portion 3 ; 9=4 : 12, 3 and 12 are the extreme terms, 
9 and 4 the mean terms. 

If the antecedent of the second ratio be the same with 
the consequent of the first, the terms are in continued 
proportion. Thus, 3, 9, and 27, are in continued propor- 
tion, because 3 : 9=9 : 27. 

Since the equality of two ratios constitutes a propor- 
tion, we can easily decide whether any four numbers be 
in proportion, by bringmg the fractions expressing the two 
ratios to a common denominator; for then, if the numbers 
be proportionals, the numerators also will be equal to one 
another. 

Take the numbers 4, 2, 6, 3; if we make the conse- 
t]uent3 the numerators, the fraction expressing the ratio 
of the two first in the series is f , and that expressing the 
ratio of the two last is | . These fractions, when reduced 
to a common denominator, become ^f and ^f ; and this 
equality of the two fractions expressing the two ratios, 
proves that' the Xour numbers are proportionals; for, if 
the four numbers were not in proportion, the fraction 
expressing the first ratio not being equal to the fraction 
expressmg the second ratio, the numerator of the one 
would not be equal to the numerator of the other, when 
reduced to a common denominator. 

Again, let us take the same numbers, 4, 2, $, 3, and 
make the antecedents the numerators of the fraqtions 
expressing the ratios: thus, | and f . These fractions when 
reduced to a common denominator, are ^^ and ^/, which, 
being equal, prove the four numbers to be proportionals. 

We see, therefore, whether we make the antecedents 
or consequents the numerators of the fractions expressing 
the ratios, that in both cases the equality of the ratios 
proves a proportion among the four numbers; and in botli 
cases the numerators are precisely the same; for in the 
first case the fraction3 are ^ and ^ , and in the second^ 
^■^ and ^ 9 and these numerators, in both cases,, are 

12 
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products obtained by multiplying together the totreme 
terms 4 and 3, and the mean terms 2 and 6. 

These residts prove, that, if four numbers he inpro' 
portion^ the 'product of the two extreme terms is equal to 
the product of the two mean term^: h. principle of great 
practical utility, and the foundation of the ancient Rule 
OP Three. 

It follows from what has been said, thai; the order of 
the terms of a proportion may be changed, provided they 
be so placed, that the product of the exti:emes shall be 
equal to the product of the means; because, whenever 
the product of the extreme terms of four numbers is equal 
to the product of the mean terms, the numbers are pro- 
portionals. 

Take, for example, the proportion 3 : 9=8 : 24 

3 : 9=8 : 24, and observe the dif- 3 : 8=9 : 24 

ferent orders in which its terms may 24 : 8 = 9 : 3 
be arranged. 24 : 8=8 : 3 

That these changes do not disturb the proportion is 
evident; for the same numbers, which are the extreme 
terms in the first proportion, are the extreme terms in all 
the proportions; and the numbers, which are the mean 
terms in the first proportion, are the mean terms in all 
the proportions; therefore the products of the extremes 
and the products of the means must be the same in all 
the proportions. 

Agaiti, the order of the above pro- 9 : 3 =24 : 8 
portionals may be so changed, that 8 : 3 =24 : 9 
the mean tern^s shall become the ex- 9 : 24 = 3 : 8 
treme terms, and the extreme terms 8 : 24= 3 : 9 
the mean terms. 

Since both the terms of a ratio may be multiplied or 
divided . by the same number without altering the ratio, 
it follows, that all the terms of a proportion m«y be mul- 
tiplied or divided by the same number without distur1)ing 
the proportion. Let us take, for example, the propor- 
tion 2 : 4=:6 : 12, and multiply each of the terms by 2, 
and we shall have the proportion 4 : 8=12 : 24. If, 
instead of muhiplying, we divide the terms of the same pro- 
portion by 2, we shall have the proportion! : 2=3 : 6. 
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Either the two antecedents or the two consequents, in 
two equal ratios, may be multiplied or divided' by the 
same number without destroying the proportion; because 
the two ratios are increased or diminished alike, and 
therefore remain equal* Take the proportion 4 : 16=== 
6 : 24, and multiply each of the antecedeAts by 2, and it 
will be 8 : 16 = 12 : 24; if, instead of the antecedents, 
we multiply the consequents by 2, we have the propor- 
tion 4 : 32 = 6 : 48^ if, instead of multiplying, we divide 
each of the antecedents by 2, we have the proportion 
2 : 16 = 3 : 24; if, instead of the antecedents, we divide 
the consequents, we have the proportion 4 : 8=6 : 12. 

We may also multiply the antecedents and divide the 
consequents at the same time, and vice versa, without 
destroying the proportion. If, for example, we take the 
proportion 3 : 6 = 9 : 18, and multiply each of the ante- 
cedents by 3, and divide each of the consequents by the 
same number, we have the proportion 9 : 2 = 27 : 6; if 
we multiply the antecedents by 3, and divide the conse- 
quents by 2, we have the proportion 9 : 3=27 : 9; if 
we divide the antecedents by 3, and multiply the conse- 
quents by 2, we have 1 : 12=3 : 36. 

Two or more proportions may be multiplied together, 
term by term, and the products will be proportionals; 
for it is the same as multiplying two equal fractions by 
two other equal fractions, the products of which will again 
be equal to each other. We give the following as an 
example. 3 : 4 == 6 : 8 

2: 3 = 8 : 12 

^ * 

6 : 12=48: 96 

We may also divide one proportion by another, term 
by term, with eqnal correctness of conclusion; for this is 
only dividing two equal fractions by two other equal 
fractions, the quotients of which will again be equal. 
Take, for example, the proportion 24 : 32=27 : 36, 
find divide it by the proportion 6 : 2=9 : 3, term by 
term, and it gives 4 : 16= 3 : 12. 

A great variety of other changes may be made by 
differently multiplying, or dividing, or both; and such 
chttiges are frequently convenient in solving questioBS. 
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The magnitudes of proportionals are changed ivithoiit 
destroying the proportionality, when either the antece- 
dents, or consequents, or bo>th, are respectively increas- 
ed or diminished by quantities having the same ratio; or 
when the two terms of either or of both ratios are re- 
spectively increased or diminished by quantities in the 
same ratio with themselves. We will make a few such 
changes in the proportionals 8, 6, 20, and 15. 
8:6 =20 : 15 

8+6:6 =20+15:15, or 14 : 6=35 : 15 

8 — 6 : 6 =20—15 : 15, or 2 : 6= 5 : 15 

8 : 8—6 =20 : 20—15, or 8 : 2=20 : 5 

8 : 8+6 =20 : 20+15, or 8 : 14=20 : 35 

8+6 : 8—6=20+15 :20— 15, or 14 : 2=35 : 5 

Since the product of the extremes in every proportion 
is equal to the product of the means, one product may 
be taken for the other: now if we divide the product of 
the extremes by one extreme, the quotient is the other 
extreme; therefore, if we divide the product of the 
means by one extreme, the quotient is the other extreme: 
for the same reason if we divide the product of the ex- 
tremes by one of the means, the quotient is the other 
mean; consequently, we can find any one term of a pro- 
portion, when we biow the other three. 

To apply these principles to practice, let it be asked — 
If 64 yards of cloUi cost 304 dollars, what will 36 yards 
cost ? In the first place, the ratio of the two pieces ^f 
cloth is 64 : 36; and secondly, the prices are in the same 
ratio; that is, 304 dollars must have the same ratio to the 
price of 36 yards, that 64 yards have to 36 yards. Now, 
if we put A. instead of the answer, we shall have the fol- 
lowing proportion, 64 : 36=304 : A, in which the pro- 
duct of the means is 10944, which, being divided by 64> 
one of the extremes, gives the quotient 171, the other 
extreme, which was the term sought; therefore, 171 dol- 
lars is the price of 36 yards. 

Of the four numbers, which constitute a proportion, 
two are of one kind, and two of another. ^ In me pre- 
ceding example, two of the terms are yards, and two 
are dollars. 
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If there are different denomlnatioiis in the two first terms, 
they must both be reduced to the lowest denomination 
in either of them; and the third term must be reduced 
to the lowest denomination mentioned in it. Thus, if 
4 yards cost 18 shillinjgs and 6 pence^ what will 3 yards 
1 quarter 2 nails cost ? Naifs bemg the lowest denomi- 
nation in the two first terms, they must both be reduced 
to nails; pence being the lowest denomination in the 
third term, this term must be reduced to pence; and 
when thus reduced, the terms will make the following 

iMM. oHc. pence pence 

proportion; 64 : 64=222 : A. The answer, when ob- 
tained, being in pence, must be reduced to shillings and 
pounds. In this question the answer is 16 s. 7tV4' 

Prom the principles of ratio and proportion, which 
have been explained, we deduce the following rule for 
solving questions. 

RULE. Make the number^ which ia of the same kind 
with the answer J the thind term; andy if from the nature 
of the question^ the third term Ihust be greater than the 
fourth term or answer^ make the greater of the ttoo re^ 
maining terms the first term^ and the smaller the second; 
but^ if the third term must be less than the fourth^ make 
the less of the two remaining terms the first term j and the 
greater the second: then multiply the second and third 
terms together^ and divide the product by the first term: 
the quotient will be the fourth term^ or answer, 

1. If I buy 871 yards of cotton cloth for 78 dollars 39 
cents, what is the price of 29 yards of the same ? 
871:29=78.39 : A The statements of this 

29 question may be read thus 

—The ratio of 871 to 29 
is equal to the ratio of 
78.39 to the answer. Or 
thus — As 871 yd. is to 29 
yd., so is $78.39" to the 
answer. The operation 
amounts to nothing more 
than the multiplication of 
78.39 by /t?i 



70561 
15678 

871)2273.31(2.61 efltw. 
1742 

6313 
6226 



871 
12* 871 
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2. If If ysffd of cotton cloth cost 42 cents, what will 
87^ yards cost ? 

3. If I can buy IJ yard of cotton cloth for 6 J peDce, 
how many yards can I buy for £ 10 6 s. 8d.? 

4. If I buy 54 barrels of flour for 297 dollars, what 
must I give tot 73 barrels, at the same rate ? 

5. If 7 workmen can do a piece of work in 12 days, 
how many can do the same work in 3 days ? 

6. If 20 horses eat 70 bushels of oats in 3 weeks, 
how many bushels will 6 horses eat in the same time ? 

7. If apiece of cloth containing 76 yards cost 136 
dollars 80 cents, what is that per ell English ? 

8. If a staff 4 feet long cast a shadow 7 feet in length, 
on level ground, what is the height of a steeple, whose 
shadow at the same time measures 198 feet ? 

9. How many, yards of paper 2| feet wide, will hang 
a room, that is 2^ards in circuit, and 9 feet high ? 

10. A certain work hav.mg been accomplished in 12 
days by working 4 hothi^ a day, in what time might it 
have been done by working 6 hours a day ^ 

11. If 12 gallons of wine are worth 30 dollars, what 
is the value of a cask of the same kind of wine, containing 
31^ gallons ? 

12. If 8 J yards of cloth cost 4 dollars 20 cents, what 
will 13^ yards cost, at the same rate f 

13. How many yards of cloth | yard wide, are equal 
to>30 yards l\ yard wide ? 

14* If 7 pounds of sugar cost 75 cents, how many 
pounds can I buy for 6 dollars f 

15. If 2 pounds of sugar cost 25 cents, and 8 pounds 
of sugar are worth 5 pounds of coffee, what wdl 100 
pounds of coffee cost ? 

• 16. A merchant owning ^ of a vessel, sold f of his 
share for 957 dollars. What was the vessel worth at that 
rate ? 

17. A merchant failing in trade, owes 62936 dollars 
• 39 cents; but his property amounts to only 38793 dol- 
lars 96 cents, which his eft^ditors agreed to accept, and 
discharge him. How much does the creditor receiv^e, to 
whom he owes 2778 doUars 63 cents } 
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Id. Bought 3 tons of oil, for 503 dollars 25 cents; 85 
galloiis of which having leaked out. I wish to know at 
what price per gallon I must sell the residue, that I may 
neither gain nor lose by the bargain. 

19. If, when the price of wheat is 6 s. 3d. a bushel^ 
the penny loaf weighs 9 oz., what ought it to weigh, w^en 
wheat is at 8s. 2^d. a bushel ? , 

20. If 15 yards of cloth 4 yard wide cost 6 dollars 25 
c^nts, what will 40 yards being yard wide cost ? 

21. What quantity of water must I add to a pipe pf 
mountain wine, for which I gave 110 dollars, to reduce 
the first cost to 75 cents a gallon ? 

22. Borrowed of a friend 250 dollars for 7 months; 
and then, to repay him for his kindness, I loaned him 300 
dollars. How long must he keep the 300 dollars, to 
balance the previous favor ? 

23. If 4^cwt. can be carried 36 miles for 5j dollars, 
how many pounds can be carried 20 miles for the same 
money ? 

24. A person owning f of a coal mine, sells | of his 
shai*e for 570 dollars. What is the whole mine worth, at 
the same rate ? 

25. If the discount on $106, for a year, be ^ 6, what is 
the discount on $477, for the same time.^ 

26. If, wh^n the days are 13| hours long, a traveller 
perform his journey in 35^ days, in how many days 
will he perform the same journey, when the days shall 
be 11 1^0 h^urs long? 

27. A regiment of soldiers consisting of 976 men, is 
to be new clothed; each coat to contain 2^ yards of 
cloth If yard wide, and to be lined with shalloon | yard 
wide. How many yards of shalloon will be required f 

28. If 30 men can perform a piece of work in 15 days, 
how many men would accomplish the same piece of 
work, m a fifth part of the time ? 

29. What is the value of 172 pigs of lead, each weighing 
3cwt. 2qrs. 17^1b., at 29 dollars 58^ cents per fother 
ofl9^cwt.? 

30. A merchant gave his note for 1831 dollars 76 
cents, payable in 8 months; but the holder of the note 
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being pressed for money/ the merchant paid it in 3 
months. AUowmg money to be worth 6 per cent, a year, 
what sum was requisite to redeem the note ? 

31. If A can mow an acre of grass in 5f hours, and 
6 can mow If acre in 9^ hours, in what time can they 
jointly mow 8 J acres ? 

32. How much cambrick may be bought for £8 6 s. 
3^d., if 291 yards cost £186 2s. 4id.? 

33. If a staff 3 feet 3 inches high casts a shadow 5'^ 
feet long, what is the height of the steeple of Park street 
church, in Boston, which, at the same time, casts a 
shadow of 368 feet 6 inches in length ? 

34. A and B hired a pasture for $49.50, in which, A 
pastured 13 cows ^ and B 19. What must each pay ? 

35. If 220 yards in length and 22 yards in breadth 
make an acre, what must be the breadth of a lot that is 
121 yards in length, to contain an acre ? . 

36. If 365 men consume 75 barrels of provision inf 9 
-months, what number of b^rels will 500 men consume 

during the same time ? 

37. If 19.yards of linen cost $14.25, what will 435.6 
yards come to, at the same rate ? 

38. The value of 8.25 pounds of pure silver being 
$ 128, what is the value of 376.7848 pounds ? 

39. Suppose sound to move 1106.3 fee| in 1 second; 
how many miles distant is a cloud, in which lightning is 
observed 47.5 seconds before the thunder is heard } / . 

40. It has been found, that 100 cubic inches of alco- 
hol and 82.5 cubic inches of water, when mixed, mea- 
sures only 177.41 cubic inches. If, then, 125 gallons of 
alcohol and 103.125 gallons of water be mixed, how 
many gallons will the mixture compose ? 



COMPOUND PROPORTION. 

When proportion is applied to questions, in which the 
relation of the required quantity to the given quantity of 
the same kind is traced through two or more proportions, 
it is called compound propjortioit. 
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For example, 16 men dug a trench 54 yards long and 
5 yards wide, in 6 days. How many men of equal ability 
and industry will dig a trench of the same depth, 135 yards 
long, and 4 yards wide, in 8 days ? 

In the above question, the number of men required 
depends upon three circumstances; viz. the length of the 
trench, its width, and the number of days in which it is 
to be dug. If we omit the consideration of all the cir- 
cumstances except the length, the question will be sim- 
ply this — If 16 -men dug a trench 54 yards long, how 
many men will dig one 135 yards long ? — which will make 
the following proportion; 54 : 135 = 16 : A, ^d the 
fourth term will be found to be 4Q men. 

Secondly, we will consider the width ; and, since the 
second trench is to be narrower than the first, the num- 
ber of men required will be proportionally less, and our 
second proportion will be the follQwing; 5 : 4=40 : A, 
and the fourth term will be 32 men. 

Lastly, we will notice the number of days in the ques- 
tion ; and, since the longer the time allowed, the less will 
be the number of men required to do the work, we shall 
have the following proportion; 8 : 6 = 32 : A, and this 
gives 24 men for the fourth term, which is the answer to 
the question. 

We see in this solution, that 16 is multiplied by 135, 
and the product divided by 54; the qudtient, being made 
the third term in the second proportion, is multiplied by 
4, and the product divided by 5; this, last quotient, 
being made the third term in the third proportion, is 
multiplied by 6, and the product divided by 8. There- 
suit, therefore, would be the same, if 135 and 4 and 6 
were multiplied together, and their product multiplied by 
16, and this last product divided by the product of 54 
and 5 and 8. The proportion may be thus arranged. 

54 : 135) 
5 : 4 V = 16 : A 

8 ; 6) 

2160: 3240 =16 : A 
If, instead of calculatmg the fourth term in each pro- 
portion, we only indicate the operation by a fraction, 



i 
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we shall have, in the first of the foregoing proportions, 
^ ■ for the fourth term: taking this for the third term 
of the second proportion, we shall have the following, 
5 : 4=2^: A, and the fourth term wiU be '-^stIs-^ 
taking this for the third term in the third proportion, we 
shall have the following, 8 : 6 = ^^^^^ : A, and the fourth 
term will be ^^^^^^> which is equal to 24, the number 

of men required. In this fractional expression, we see 
at once, that the product of all the second terms is mul- 
tiplied by the third term, and that this product is divided 
by the product of all the first terms, and the quotient is 
the fourth term, or answer to the question. 

Hence we see, that questions in compound proportion 
will be accurately solved by the following rule. 

RULE. Make the number ^ which is of the same kind 
teith the answer^ the third term; of the remaining num- 
berSy take any two of a kind, and write one for a first 
term and the other for a second, term, a^ directed in sim- 
ple proportion, then any other two of a kind, and so on, 
till all are written. Lastly, multiply all the second term^ 
together, and their product by the third term, and divide 
the result by the product of the first terms; the quotient 
will be the fourth term, or answer. 

41. A wall to be built to the height of 27 feet, was 

raised to the height of 9 feet by 12 men in 6 days; how 

many men must be employed to finish it in 4 days ? 

27 I 

g 12 men is the third term, because 

the answer is to be in men. 
12 : A '^ stating the different lengths 
of the wall, the shorter is made the 
first term, because, the longer the 
wall, the greater will be the number 
of men required to build it. 

In stating the days, the less num- 
ber is made the first term, because^ 
216 the less the time, the greater must 

216 be the number of men. 



9 : 18 
4 : 6 



i= 



36 : 108 =12 : A 
12 

36)1296(36 wJfw. 
108 
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42. If 120 bushels of corn will serve 14 horses 56 
days, how many days will 94 bushels serve 6 horses ? 

43. If a footman travel 130 miles in 3, days, when the 
days are 12 hours long, in how many days of ten hours 
in length, can he travel 360 miles ? 

44. If 6 laborers dig a ditch 34 yards long in 10 days, 
how many yards will 20 laborers dig in 16 days ? 

45. If a garrison of 600 men have provisions for 5 
weeks, allowing each man 12 ounces a day, how many 
men may be maintained 10 weeks with the same provi- 
sions, if each man is limited to 8 ounces a day ? 

46. If 3 bushels and 3 pecks of wheat will last a 
family of 9 persons 22 days, in how many days wilj 6 
persons consume 5 bushels ? 

47. If 450 tiles, each 12 mches square, will pave my 
cellar, how many tiles must I have, if they are only 9 
inches long and 8 inches broad ? 

48. If 12 ounces of wool make 2| yards of cloth 6 
quarters wide, how much wool is required for 150 yards 
4 quarters wide ? 

49. If a hdf of iron 4 feet long, 3 mches broad, and 
1^ inch thick, weighs 36 pounds, what will a bar weigh, 
that is 6 ft. long, 4 in. broad, and 2 in. thick } 

50. If 6 men built a wall 20 teet long, 6 feet high, 
and 4 feet thick, in 16 days, in how many days will 24 
men build a wall 200 feet long, 8 feet high, and 6 feet 
thick ? 

51 . If 14 men can reap 84 acres in 6 days, how many 
men must be employed to reap 44 acres in 4 days ? 

52. A ship's crew of 300 men were so supphed with 
provisions for 12 months, that each man was allowed 30 
ounces a day; but after having been 6 months en their 
voyage, they find it will take 9 months more to finish it, 
and 50 of their number have been lost. It is required, to 
find the daily allowance of each man during the last 9 
months. 

63. A wall was to be built 700 yards long in 29 days; 
after 12 men had been employed on it for 11 days, it was 
found they had built only 220 yards. How many more 
men must be put on, to finish it in the given time .^ 
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54. If the transportation of 12cwt. 2qT. 6lb., 275 miles 
cost $27.78, how far, at that rate, may 3 tons Ocwt. 
3qr. be carried, for |5234.78? 

55. A cistern 17^ feet in length, 10^ feet in breadth, 
and 13 feet deep, holds 546 barrels of water. Then how 
many barrels will fill a cistern, that is 16 feet long, 7 feet 
broad, and 15 feet deep ? 

56. If 25 pears can be bought for 10 lemons, and 28 
lemons for 18 pomegranates, and 1 pomegranate for 48 
almonds, and 50 almonds for 70 chestnuts, and 103 
chestnuts for 2^ cents, how many pears can I buy for 
$1.35? 

67. In how many days, working 9 hours a day, will 
24 men dig a trench 420 yards long, 5 yards wide, and 
3 yards deep; if 248 men, workmg 11 hours a day, in 5 
days dug a trench 230 yards long, 3 yards wide, and 2 
yards deep ? 

58. If the interest on 347 dollars for 3^ years be 72 
dollars 87 cents, what will be the interest, at the same 
rate, on 537 dollars for 2 ^ years } 

59. What must be paid for the carriage of 4cwt., 32 
miles, if the carriage of 8cwt., 128miles^ cost 12 dollars 
80 cents ? 

60. By working 9 hours a day, 5 men hoed 18 acres 
of corn in 4 days. How many acres will 9 men hoe, at 
that rate, in 3 days, working 10 hours a day i 

61 . One pound of thread makes 2 yards of linen cloth, 
5 quarters wide. Then how many pounds of thread will 
be required to make 50 yards of linen |yd. wide ? 

62. If 6 men, workmg 7 hours a day, mowed 28 
acres of grass in 4 days, how many men, at that rate, 
will mow 16 acres in 8 days, working 6 hours aday ? 

63. If 5 men can make 300 pair of boots in 40 days, 
how many men must be employed to make 900 pair m 
60 days i 

64. If 3 compositors set 15 i pages in 2^ days, how 
many will be required to set 69f pages in 6^ days ? 

65. If 36 yards of cloth, 7 quarters wide be worth 
$98, what is the value of 120 yd. of cloth of equal tex- 
ture, but only 5 quarters wide ? 
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XXVI. 

CONJOINED PROPORTION. 

Conjoined proportion^— called by merchants, The 
Chain Rule — consists of a series of terms bearing a certaiq 
proportion to each other, and so connected, that a com- 
parison is instituted between ttvo of the terms, through 
the medium of all the others. 

The principles of this rule are included in proportion. 
The rule is chiefly employed in the higher operations of 
exchange, arbitrations of bullion, specie and^merchandise. 
For the purpose of elucidation, however, we propose the 
folio wijig familiar example. 

If 3 lb. of tea be worth 4lb. of coffee, and 6 lb. of 
coffee worth 20 lb. of sugar, how many pounds of sugar 
may be had for 91b. of tea? 

This question, we know, mawl^e solved by a statement 
in compound proportion; but the following is the solu- 
tion by conjoined proportipn. 

Distinguish the several terms into antecedents and con- 
sequents j and connect them by the sign of equality in the 
way of equations, as follows. 

Pirsty enter on the right the given sum or term on 
which the operation is to be performed, (which in the 
foregoing question is 91b. of tea) and call this the term 
of demand. 

Secondly, on the left of this term, and a line lower, 
enter the first antecedent, which must be of the same 
kind or name with the term of demand, and equal in value 
to the annexed consequent. 

Thirdly, in the same manner, let the second antecedent 
be of the same name with the second consequent, and 
equal in value to the third consequent: and so on, for any 
number of terms. 

Fourthly, the terms being thus ananged, divide the 
product of the consequents by the product of the antece- 
dents, and the quotient will be the answer in the denomi- 
nation of the last consequent, or odd term, 

13 
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9 lb. of tea, term of demand. 
3Ib. tea = 41b. of coffee. 
. 61b. coffee :=20lb. sugar, the odd term. 

Hence ^^3 =='^^^==:40lb. sugar, the answer. 

By the above example it will be seen, that in the ar- 
rangement of antecedents and consequents, each sort is 
entered twice, except that in which the answer is required, 
and which is called the odd term. 

It should also ISe observed, that no two entries of the 
same denomination are in the same column; and, as they 
are placed in the way of equations, it is evident that the 
quantitiies on each side, which are equal in value to one 
another, are cancelled in the operation; and, therefore, 
the quotient or answer will obviously be in the denomi- 
nation of the last consequent, which is the odd term. 

This rule may be proved by reversing the operation; 
taking the answer as the term of demand, and making the 
first antecedent the last C4)ns6quent or odd. term, as follows. 

%40lb. of sugar. 
201b. sugar =:±4|glb. coffee. 
4 lb. coffee =r=/3?)b. te£^. 

Then 4x20. = W= ^^^* of tea, the proof. 
The operation may be abridged by omitting such num- 
bers as are the same in both columns, whenever such 
instances exist. 

When fractions oc€:ur, the most convenient method is 
to convert them into whole numbers. Thus, an antece- 
dent of ^7^ and a consequent of 9 may be changed (by 
multiplying both by 12) into 7 and 108, and the ratio will 
not be altered. So 5 and llj have the same ratio with 
20 and 47. 

The rule may be exemplified by a question in reduc- 
tion; thus, — It is required to reduce 2 tons to ounces. 

2 tons, term of demand. 
Iton = 20cwt. 
Icwt. = 4qr. 
1 qr. == 281b. 
1 lb. = I60Z. the odd term. 

rpi ^_ 16x28x4x20x2 mt/son. ^i_ 

Xnen jj^iyj^i - =71680 ounces, the answei. 
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1. If 17 lb. of raisms are worth 20 lb. of almonds, and 
5 lb. of almonds worth 8^1b. of figs, and 37^1b. of figs 
worth 30 lb. of tamarinds, now many pounds of tamarinds 
are equal in value to 42^ lb. of raisins ? 

2. Suppose 100 lb. of Venice weight is equal to 70 lb. 
of Lypns, and 60 lb. of Lyons to 50 lb. of Rouen, and 
20lb. of Rouen to 25lb. of Toulouse, and 50lb. of 
Toulouse to 37 lb. of Geneva; then how many pounds of 
Geneva are equal to 25 lb. of Venice ? 

3. If 1 French crown is equal in value to 80 pence 
of Holland, and 83 pence of Holland to 48 pence Eng- 
lish, and 40 pence English to 70 pence of Hamburgh^ 
and 64 pence of Hamburgh to 1 florin of Frankfort, 
how many florins of Frankfort are equal to 166 French 
crowns ? 

4. If A can do as much work in 3 days as B can do 
in 4^ days, and B ks much in 9 days as C in 12 days, 
and C as much in 10 days as D in 8 days, how many 
days' work of D are equal to 5 days' work oif A ? 

5. If 70 braces at Venice are equal to 75 braces at 
Leghorn, and 7 braces at Leghorn are equal to 4 yards 
in th^ United States, how many braces at Venice are 
equal to 64 yards in the United States ? 

6. A merchant ij;i St. Petersburg owes 1000 ducats 
m Berlin, which he wishes to pay in rubles by the way 
of Holland; and h6 has for the data of his operation, the 
following information, viz. That 1 ruble gives 47 ^ 
stivers; that 20 stivers make 1 florin; 2 i florins 1 rix 
dollar of Holland; that 100 rix dollars of Holland fetch 
142 rix doDurs of Prussia; and that 1 ducat in Berlin is 
worth 3 rix dollars Prussian. How many rubles will 
pay the debt ? 

7. If 94 piasters ^t Leghorn are equal to 100 ducats 
at Venice, and 1 ducat is equal to 3?0 maravedis at 
Cadis, and 272 maravedis are equal to 630 reas at Lis- 
bon, and 400 reas are equal to 50 d. at Amsterdam, and 
56 d. are equal to 3 francs at Paris; and 9 francs are 
equal to 94 d. at London, and 54 d. are equal to 1 dollar 
n the United States, how many dollars are equal to 800 
piasters ? 
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XXVII. 

DUODECIMALS. 

Duodecimals are compound numbers, the value of 
whose denominations dijuinish m a uniform ratio of 12. 
They are applied to square and cubic measure. 

The denominations of duodecimals are the footj (/.), 
the prime or inch, ('), the second, ("), the third, ('"), 
the fourth, (""), the fifth, ('""), and so on. Accordingly, 
the expression 3 V 7" 9'" 6"" denotes 3 feet 1 prime 
7 seconds 9 thirds 6 fourths. 

The accents, used to distinguish the denominations 
below feet, are caUed indices. 

The foot being viewed as the unit, duodecimals pre- 
sent the following relations. 

1' =^^ of I foot. 

1" =iV^f 1*5 of 1 foo^- • • • = ik of 1 foot. 
1'" = ^\j of ^^ of x^j of 1 foot. . . = yyijy of 1 foot. 

r- =^^ of t:\j of T^5 of x\j of 1 foot. =5oTTF of 1 foOt. 

&c. 

Addition and subtraction of duodecimals are performed 
as addition and subtraction of other compound numbers; 
12 of a lower denomination making 1 of a higher. Mul- 
tiplication, however, when both the factors are duodeci- 
mals, is peculiar, and will now be considered. 

When feet are multiplied by feet, the product Is in 
feet. For instance, if required to ascertain the superficial 
feet in a board 6 feet long and 2 feet wide, we multiply 
the length by the breadth, and thus find its superficial, or 
square feet to be 12. But when feet are tnultiplied by 
any number of inches [primes] , the effect is the same as 
that of muUrplying by so many twelfths of a foot, and 
therefore the product is in twelfths of a foot, or inches: 
thus a board 6 feet long and 6 inches wide contains 36 
inches, because the length being multiplied by the breadth, 
that is, 6 feet by ^^ of a foot, the product is || of a foot, 
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or 26' = 3 feet. When feet are multiplied by seconds, 
the product is in seconds: thus 6 feet multiplied by 6 
seconds, that is, f of a foot hj^-^i^ of y^ of a foot, the 
product is y^^ of a foot, or 36" = 3 inches. 

When inches are multiplied by inches, the product is 
in seconds. Thus, 6 inches multiplied by 8 inches, that 
is, ^7^ of a foot by -^^ of a foot, the product is -^-^^ of a 
foot, or 48" =4 inches. When inches are multiplied by 
seconds, the product is in thirds. Thus, 6 inches multi- 

fJied by 8 seconds, that is, .^^^ of a foot by -fi^ of ^j of a 
bot, the product is ^^^f^ of a foot, or 48 '"==4 seconds. 
When seconds are multipUed by seconds, the product is 
in fourths. Thus, 6" multiplied by 8", that is, 3^5 of -^ 
of a foot, by -^^ of ^^5 of a foot, the product is ^rj^ 
of a foot, or 48"" = 4 thirds. 

This method of showing the denomination of the pro- 
duct resulting frbm the multiplication of duodecimals by 
duodecimals may be extended to any number of places 
whatever; but sufficient has been said, to show that the 
product is always of that denomination denoted by the 
sum of the indices of the two factors. 

Feet multiplied by feet, produce feet, 
feet multiplied by primes, produce primes. 
Feet multiplied by seconds, produce seconds. - 
Feet multiplied by thirds, produce thirds. 

&c. 
Primes multiplied by primes, produce seconds. 
Primes multiplied by seciands, produce thirds. 
Primes multiplied by thirds, produce fourths. 

&c. 
Seconds multiplied by seconds, produce fourths. 
Seconds multiplied by thirds, poduce fifths. 
Seconds multiplied by fourths, produce sixths. 

&c. 
Thirds multiplied by thirds, produce sixths. 
Thirds multiplied by fourths, produce sevenths. 

&c. 
If we would find the square feet in a floor 6 f. 4' 8" in 
length, and 4f. 6' 6" in breadth, we should proceed as 
follows. 

13* 
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We began on the right hand, 
and multiplied the whole multi- 
plicand, first by the seconds in 
the multiplier, then by the inches, 
and lastly by the feet, and added 
the results together, ' and thus 
obtained the answer. 
That the above answer is the true one, will appear 
Tery clearly from^ the following considerations. The 8 
seconds, as we have already shown, maybe considered in ' 
relation to feet as -jf^ , and the 5 seconds as yIt 5 ^^® 
product of which is 2WTTZ ^^ ^ '^^^ ^^ 40"", which is 
equal to 3'" and 4""; writing down the 4"", we reserve 
the 3'" to 'be added to the product of 4' by 5". 4' being 
jlj of a foot, and 5" being -^^^ of a foot, their product is 
ttIf of ff foot, or 20'", to which adding the 3'", that were 
reserved, we had 23'", equal to 1" and 11'''; we wrote 
down the 1 1 '", and reserved the 1" to be added to the 
product of 6 feet by 5". 6 feet being f of a foot, and 5" 
being ^h ^^ ^ ^^^^ ^^^^^ product is -^^-^ of a foot, or 
30", to which we added the 1" reserved, and thus had 
31", equal to 2' and 7 ", botli of which we wrote down. 

Having completed the multiplication by the seconds, 
we next multiplied by the inches: 8" being yf^ of a foot, 
arid 6' being ^^ ^f ^ f^o^? their product is -j^fg^ of a foot, 
or 48 '"=4"; we therefore put down a cipher in the place 
of thirds, and reserved the 4" to be added to the product 
of inches by inches. 4 inches being -^^ of a foot, and 6 
inches -^^ of a foot, their product is yW of afoot, or 24", 
to which we added the 4" reserved, making 28"==2'and 
4"; writing down the 4", we reserved the 2' to be added 
to the product of feet by inches. 6 feet being |^ of a foot, 
and 6 inches -f^ of a foot, their product is 4| of a foot, 
or 36', to which we added the 2' reserved, making 38' 
= 3 feet and 2 inches, both of which we wrote down. 

Lastly, we multijjlied by the feet in the multiplier. 8", 
or tI? of a foot being multiplied by 4 feet, or f of a foot, 
their product is -^-^ of* foot, or 32"=2'and 8"; setting 
down the 8", we reserved the 2' to be added to the pro- 
duct of inches by feet. 4 ', or ^^ of a foot being multiplied 
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by 4 feet, or ^ of a foot, their product is || of a foot, or 
16', to which we added the 2' reserved, making 18'=I 
foot and 6 inches; writing down the 6', we reserved the 
1 foot to be added to the product of feet by feet. 6 feet 
being multiplied by 4 feet, their product is 24 feet, to 
which we added the 1 foot reserved, making 25 feet. By 
adding these three partial products together, we obtained 
the answer to the question. 

Therefore, to multiply one number consisting of feet, 
inches, seconds, &c. by another of the same kind, we 
give the following rule. 

RULE. Place the several terms of the multiplier under 
the corresponding ones of the multiplicand. Beginning 
on the right hand^ multiply the several terms of the mul- 
tiplicand by the several terms of the multiplier successive- 
ly^ placing the right hand term of each of the partial 
products under its multiplier; then add the partial pro- 
ducts together^ observing to carry one for every twelve^ 
both in multiplying and adding. The sum of the partial 
products will be the answer. 

Questions in duodecimals are very commonly performed 
by commencing the multiplication with the highest denom- 
ination of the mulcipUer, and placing the partial products 
as in the first of the two following operations. The re- 
sult is the same, whichever method is adopted. The 
second operation, however, is according to the rule we 
have given, and is more conformable to the multiplica- 
tion of numbers accompanied by decimals. 

3f. 2' 7" 3f. 2' T'' 

2f. 6' 4* 2f. 6' 4'' 
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'8f. I' 6" 4'" 4"" 8f. 1/ 6" 4'" 4' 

When there are not feet in both the factors, there may 
Jiot be any feet in the product; but, after what has been 
said, there will be no dilfficulty in determining the placed 
of the product. 
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1. Multiply 14 f. 9'by4f. 6'. 

2. What are the contents of a marble slab, whose length 
is 5f. 7', and breadth 1 f. 10'? 

3. How many square feet are there in the floor of a 
hall 48 f. 6' long, and 24 f. 3' wide ? 

4. Multiply 4f. 7' 8" by 9f. 6'. 

5. How many square feet are there in a house lot 43 f. 
3' in length, and 25 f. 6' in breadth ? 

6. What is the product of lOf. 4' 5" by 7f. 8' 6" ? 

7. Calculate the square feet in an alley 44f. 2' 9" long, 
and 2f. 10' 3" 2'" 4^'" wide. 

8. How many square feet are there in a gardea 39 f. 
10' 7" long, and 18 f. 8' 4" wide ? 

9. What.is the product of 24f. 10' 8" 7'" 5"" by 9f. 
4'6V^ . . 

10. Compute the solid feet in a wall 53 f. 6' long, 12 f. 
3' high, and2f. thick. 

11. The length of a room is 20 feet, its breadth 14 
feet 6', and'its height lOf. 4'. How many yards of paint- 
ing are there in its walls, deducting a fire place of 4f. by 
4f. 4'; and two windows, each 6f. by 3f. 2'? 

12. How many solid feet in a pile of wood 22f. 6' 
long, 12 f. 8' wide, and 5f. 8' high ? * 

13. How many yards of plastering in the top and four 
walls of a hall 58 f. 8' long, 21 f, 4' wide, and 13f. 9' 
high; deducting for 2 doors, each 7f. 6' high and 4f. 
wide; for 7 windows each 6f. 2' high, and 3f. 10' wide; 
for 2 fire places, each 3f. 6' high, and 4f. wide, and for 
a mop board 9 inches wide around the hall ? 

14. How many yards of papering in a room 17 f. 8' 
long, 16f. 9' wide, and 12f. 6' high; deducting for 2 
4oors each 6f. 6' high, and 4f. wide; for a fire place 
4f, 6' high and 3f. 10' wide; for 3 windows each 5f. 6' 
high and 3f. 8' wide, and for a mop board 8 inches wide 
around the room ? 

15. How many yards of carpeting, yard wide, will be 
required for a rpom 21 f. 6' long, and 18 ft. wide ? 

16. What will the plastering of a ceiling come to, at 10 
cents a square yard, supposing the length 21 feet 8 
inches, and the breadth 14 feet 10 inches ? 
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xxviii; 

INVOLUTION. 

Involution is the multiplication of a number by itself. 
The number, which is thus multiplied by itself is* called 
the root. The product, which we obtain by multiplying 
a number by itself, is called a power of that number. 
The number involved is itself the first power, and is the 
root of all the other powers. 

A number, multiplied once by itself, is said to be in- 
volved or raised to the second degree, or second power; 
multiplied again, to the third degree, or third power; 
and so on. For example, 3 X 3 is raised to thb second 
power of 3, which is 9; 3X3X3 is raised to the third 
power of 3, which is 27; '&c. 

We distitiguish the powers from one another by the 
number of times, that the root is used as factor in the 
multiplication of itself. Thus, 3 X 3 produces, the sec- 
ond power of 3, because 3 is used twice as factor; 
3X3X3 produces the third power of 3, because 3 is 
used three times as factor; 3X3X3X3 produce:^ the 
fourth power of 3, because 3 is used four times as factor; 
and so oni 

A fraction is involved in the same manner by multiply- 
ing it continually into itself; thus, the second power of 
I, is I X 1=1^^; the third power is t\X|=|^; the 

fourth pow er is | J X -| = 2^5^ » ^^^ ^^ ®" • ^^ ^^^ ^" ^^p^" 
mals the second power of .2, is .2 X.2=.04; the third 
power is .04 X.2=.008; the fourth power is .008 X.2 
=.0016; and so oa. 

To involve a mixed number, reduce it first to an im- 
proper fraction, or the vulgar fraction to a decimal, and 
then involve it. Thus, 1^ when -reduced to an improper 
fraction, is |, the second power of which |=2-^-; the 
third power is V=3|; &c. If, instead of reducing 1^ 
to an improper fraction, we reduce the vulgar fraction to 
a decimal, we have 1.5, the second power of which is 
2.26; the third power, 3.375; &c. 



154 ARITHMETIC. XXVIII- 

The second power is commonlj called the square; |he 
third power, the cube; the fourth power, the biquadrate. 
The other powers now generally receive no other than 
numeral distinctions; as the fifth power, the sixth power, 
the seventh power, &c. In some books, however, the 
fifth power is called the first sursolid; the sii^th power, 
the sqvare cubed, or the cube squared; the seventh pow- 
er, the second sursolid; the eighth power, the biquadrate 
squared; the ninth power, the cube cubed. 

The powers of 1 remain always the same; because, 
whatever number of times we multiply 1 by itself, the 
product is always 1. 

A power is sometimes denoted by a number, placed at . 
the right hand of the upper part of the root; thus, 6^ tie- 
notes the second power of 5, which is 25; 4^ denotes the 
third power of 4, which is 64; 9^* denotes the fourth 
power of 9, which 6561; &c. The number, thus used 
to denote the power, is sometimes called the exponent 
and sometimes the index. But the use of these exponents 
or indices in arithmetic is very limited; they belong chiefly 
to algebra. 

We will now make a few observations on the result 
arising from the multiplication or division of one power 
by another. To illustrate this subject. We will take the 
number 3; we must here observe, however, that since 
every number is the first power of itself, the exponent 1 
is never expressed; so that 3 and 3.^ mean the same thing; 
the exponent 1 being always understood, when no expo- 
nent i^ expressed. Now 3 multiplied by 3 produces 
the second power of 3, which may be thus expressed, 
31x31=32; so also 3^X31 = 33; and 33x3^=3*, 
&c. We have here expressed the exponent 1 for the 
purpose of showing that we obtain the exponent of the 
product or power produced, by adding together the 
exponents of the factors or powers used in producing it. 
Hence the second power of any number multiplied by the 
second power of the same number produces the fourth 
power of that number; thus, 3^X3^ = 3*: the third pow- 
er multiplied by the third power gives the sixth power; 
as 2^ X 2^=2^: the fourth power multiplied by the sec- 
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ond power gives the sixth power; as 2* X 2^ =2^ : the 
fourtn power multiplied by the fourth power produces the 
eighth power; as 3^ X S'* = 3® : the third power multiplied 
by the third power, and the product acain by the third 
power gives the ninth power; as 2^X2^X2-^ = 2^. 

Division being the reverse of multiplication, it is evi- 
dent, that if we subtract the exponent of the divisor from 
the exponent of the dividend, the remainder is the expo- 
nent of the quotient. For example, if we divide the fifth 
power by the third power, the quotient is the second 
power; as 3^-7-3''= 3^: if we divide the ninth power by 
the sixth power, the quotient is the third power; as 
59^Q6=g3.;f^g divide the ninth power by the eighth 
power, the quotient is the first power; as 6'-^6®=6. 

1. What is the third power of 12? 

2. Find the fourth power of 1 1 . 

3. Raise 13 to the fifth power, 

4. What is the square of 27? 
6. What is the square of .27? 

6. Raise .7 tp the fourth power. 

7. What is the eighth power of .2 ? 

8. What is the third powei of . I ? 

9. What is the square of f ? 

10. What is the cube off? 

1 1 . Involve ^\ to the third power. 

12. Raise ^ to the fourth power. 
13i -What is the square of 30J ? 

14. What is the biquadrate of 3;^ ? 

15. Involve 1.1 to the fifth power. 

16. Raise 20^ to the fourth power. 

17. Raise 8.2 to the third power. 

18. What is the fourth power of 17? 

19. Divide 7^ by 7^^, and write the quotient. 

20. Multiply 8^ by 8, and write the product. 

21. What is the quotient resulting from 5^-t- 5^.^ 

22. What is the product resulting from. 6^X6? 

23. Multiply 9^ by 9, and write the product. 

24. Divide 4^^ by 4^, and write the quotient. 

25. What quotient results from 19^-M9^? 
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EVOLUTION. 

> • 

Evolution is the reverse of involution; for m involu- 
tion we have the root given, to find the powei*; but in 
evolution we have the power given, to find the root. 

Power and root are correlative terms ; ' for, as 4 is the 
square of 2, 2 is the square root of 4; as 8 is the cube 
of 2, 2 is the cube root of 8; as 16 is the biquadrate of 
2, 2 is the biquadrate root of 16; as 32 is the fifth pow- 
er of 2, 2 is the fifth root of 32: &c. 

The extraction of the root is finding a" number, which 
being multiplied into itself the requisite number of times, 
will reproduce the given number: for example, if we 
extract the square root of 81, we find it to be 9, because 
9X9 = 81; but if we extract the biquadrate root of 81, 
we find it to be 3, because 3X3X3X3 = 81. 

Hence the root is designated by the number of times 
it is used as factor in producing the corresponding pow- 
er. It is used twice in producing the second power, 
and is called the second root, or square root: it is used 
three times in producing the third powder, and is called 
the third root, or cube root: it is used four times in pro; 
ducing the fourth power, and i? called the fourth root, 
or biquadrate root: it is used five times in producing the 
fifth power, and is called the fifth root: &c. « 

A number, whose root can be exactly extracted, is 
called a perfect power, and its root is called a rational 
number. . For example, 4 is a perfect power of' the 
second degree, and 2, its square root, is a rational num- 
ber; 27 is a perfect power of the third degree, and 3, its 
cube root, is a rational number; 64 is a perfect power of 
the second, third, and.sixth degrees, and 8 its square 
root, 4 its cube root,* and 2 its sixth root, are rational 
numbel's; rfif is a perfect power of the third degree, and f , 
its cube root, is a rational number; .25 is a perfect power 
of the second degree^ and .5, its square root, isa rational 
number. 

In short, any number, which is the exact root of any 
power, is a rational number, and its power a perfect 

14 
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power: and since any number may be the root of its Cor- 
responding powei-j it follows that any root, which can be 
exactly expressed by figures, is a rational number. 

But there are numbers, whose roots can never be ex- 
actly extracted, and these nupbers are called imperfect 
powers, and their roots are called irrational numbers > 
or surds. For example, 2 is not only an .imperfect pow- 
er, of the second degree, but an imperfect power of any 
degree, and not only its square root, but the root in eve- 
ry degree is irrational, or a surd; because no number, 
either whole or fractional,' can be found, which, being 
involved to any degree, will produce 2. The same is 
true of many other numbers »' In these cases, by using 
decimals, we can approximate, or come very near to the 
root, which is sufficient for most purposes. Thus, we 
find the square root of 2 to be 1.414 + . The decimal 
may be carried to any number of places. 

Some numbers are perfect powers of one degree, and 
imperfect powers of another .degree. For example, 4 
13 a perfect power of the second degree, and its square 
root, which is 2> i$ rational; but an imperfect power of 
the third degree, and its cube root, which is 1.587 +, 
is a surd: 8 is an imperfect power of the second degree, 
and its square root,, which is 2.828 + , is a surd; but 
a perfect power of the third degree, and its cube root, 
which is 2, is rational: 16 is a perfect power of the se- 
cond and fourth degrees, and its square root', which is 4, 
and its biquadrate root, which is 2, are both rational; but 
an imperiect ppwer of the third degree, and its cube 
roqt, which is, 2.519+ ,, is a surd. 

These irrational numbers or stirds Occur, "whenevei* 
we endeavoi- to find a root of any number, which is not 
a perfect corresponding power; and> although they can- 
not be expressed by numbers either whole or fractional, 
they are nevertheless magnitudes, of which we may form 
an accurate idea. For however concealed the square 
root of 2, for example, may appe^, we know, that it 
must be a number, which, when multiplied by itself, will 
exactly produce 2. This property is sufficient to give 
us an idea of the number, add we can approximate it 
continually by the aid of decimals. 
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A radical sign, written thus \/, and read square root, 
is used \o express the square root of any number, before 
which it is placed. The same sign with the index of the 
root written over it, is used to express the other roots* 
thus ^ cube root: v^ biquadrate root: j\/ fifth root: &c. 
We will give the following radical expressions;^ \/9 = 3 
^8 = 2; v^81=3; 4^32 = 2; these expressions are 
read thus; the square root of 9 is equal to 3; the cube 
root^ of 8 is equal to 2; the fourth root of 81 is equal to 
3; the fifth root of 32 is equal to 2. Hence it is evident 
thatV5kX\/9 = 9; 4^6X\/S*X^8=&; &c. 

The explanation, which we have given of irrationd 
numbers or surds, will readily enable us to apply to them 
the known methods of calculation. We know that the 
square root of 3 multiplied by itself must produce 3, 
which maybe thus expressed, ^3X\^^ = ^l also ^ 
3X^3X\/3 = 3i ^7X^7=7; V-5X\/-5=.6; 
v'fX^fX^|=f; ^5X>C^5X</5XV^6=6; 
V2XV2 = 2. 

Instead of the radical sign, a fractional exponent is also 
used to express the roots of numbers. The numerator 
indicates the power of the number, and the denominator 

the root. Thus, 4' expresses the square root of 4^, or 

1 1 

4; 4', th^.cube root of 4^ 4', the biquadrate root of 4; 

1 .1 

4', the fifth root of 4; 8', the cube root of the second 

power of 8; and since the second power of 8 is 64, and 

the cube root of 64 is 4, the expression 8' is equal to 4. 

The expression 4' =8, is read thus, the square root of 

the third power of 4 is equal to 8. 'The expression 9* 

3 
is equivalent to \/9: and 8' is equivalent to \/8^: also 

4* is equivalent to \/ 4^ : the expression 4' is also equal 

to 4', because f is equal to ^. 

A line, or vinculum, drawn oyer several numbers, sig- 
nifies that the numbers under it are to be considered 
jointly: thus, ^25 + 11 is equal to 6, because 26 +11 is 
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36, and the square root of 36 is 6; but \/25-[-ll is equal 
to 16, because the square root of 25 is 5, arid 5+11 is 

16. The expression j^27 — 6+43 is eq uivale nt to V'64. 

And ^100 —73= 3. Also^_20— V9T7 + 1 = 17. 

Likewise V^O — 9 — 4 + ^53—45 + 6=13. 



XXIX. 

EXTRACTION OF THE SQUARE RpOT. 

The product of a number muhiplied by itself, is call- 
ed a square; and for this reason, the number, considered 
in relation to such a product, is called a square root. 
For example, when we multiply 12 by 12, the product, 
144, is a square, and 12 is the square root of 144. 

If the root contains a decimal, the square will also 
contain a decimal of double the number of places; for 
example, 2.25 is the square of 1.5; and vice versa, if the 
square contains a decimal, the square root will contain a 
dedrbal of half the number of places; for instance, 1.5 
is the square root of 2.25. 

In the upper line of the following table are arranged 
seversQ square roots, and in the lower line, their squares. 



Square roots. 1 2 3 4 5 6 7 1 8 9 10 11 12 


Squares. 1 4 9 16 25 36,49164 81 lOOll 21 144 



When the square of a mixed number is required, it 
may be reduced to an improper fraction, then squared^ 
and reduced back to a mixed number. 

The squares of the numbers from 3 to 5, increasing 
by ^, are as follows. 



Square roots. 3 3} 3^ 3| 4 4^ 4^ 4| 


Squares. 9 lOjV 12i H^^ 16 18^ 20^ 22^^ 



From this table we infer, that if a square contains a 
fraction, its square root also contains one; and vice versa. 
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It is not possible to extract the square root of anj 
number, which is not a perfect square; we can approxi- 
mate the square root of such numbers, however, by the 
aid of decimals. 

When a root is composed of two or more factors, we 
may multiply the squares of the several factors together,, 
and the product will be the square of the whole root; 
and conversely, if a square be composed of two or more 
factors, each of which is a square, we have only to mul- 
tiply together the roots of those factors, to obtain the 
complete root of the whole square* For example, 2304 
= 4 X 16X 36; the square roots of the factors are 2, 
4, and 6; and 2X4X6=48; and 48 is the square 
root of 2304, because 48 X 48= 2304. 

A square number cannot have more places of figures 
than double the places of the root; and, at least, but one 
less than double the .places of the root. Take, for in- 
stance, a number consisting of any number of places, that 
shall be the greatest possible, of those places, as 99, the 
square of which is 9801, double the places of the toot 
Again, take a number consisting of any number of places, 
but let it be the least possible, of those places, as 10, 
the square of which is 100, one less than double the; places 
of the root. 

As the places of figures in the square cannot be more 
thaa double the number of places in the root, whenever 
we would extract the square root of any number, we 
point it off into periods of two figures each, by placing a 
dot over the place of units, another over hundreds, &c. 

Thus 1936. The places in the root cin never be more 
or less in number,- than the number of periods thus 
pointed off. When the number of places in the given 
sum is an odd number, the left hand period will contain 

only one figure, as i 69; but the root will 'nevertheless 
consist of as 'many places as there are periods; for 1 3 is 
the sqtiare root of 169. 

The tferms, square and square root^ are derived from 

i geometry, which teaches us that the area of a square is 
ound by multiplying one of its sides by itself. 

14* 
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The word area signifies die quantity of space contained 
in any geometrical figure. 

A SQUARE is a figure having ^ 
four equal sides, and all its an- 
gles right angles. If we suppose 
the length of a side . of the an- 
nexed square to be foqr feet, it 
is evident that the figure contains 
4 times 4 small squares, each of 
which is 1 foot in length and 1 
foot in breadth; and since a foot 
in length and a foot in breadth 
constitute, a squai'e foot, the whole square contains 4 
tipies 4, or 16 square feet. If, instead of 4 feat, the- 
length of a side were 4 yards, the whole square would 
contain 16 square yards; &c. Hence it is evident that 
the area, which is 16, is found by multiplying a side of 
the square by itself. 

A PARALLELOGRAM is an oblong figure, 
having two of its sides equal and parjdl^l to 
each other, but not of the same length Vvith 
the other two, which are also equal and 
parallel to each other. We find the area, 
or contents .of a parallelogram by multiply- 
ing the length by the breadth. . If we sup- 
pose the annexed right angled parallelogram 
to be 8 feet long and 2 feet wide, it is 
manifest that it contains 2 times 8, or 16 
square feet; if the length were 8 yards and 
the breadth 2 yards, it would contain 16 
square yards; if S miles long and 2 miles 
wide, 16 square miles; &c.. We see that 
the area of this parallelogram is the same 
with that of the preceding square; there- 
fore the square root of the area of a paral- 
/ lelogram gives the side of a square equal in 
area to the parallelogram. 

It is further to be observed, that the square root; of the 
area of any geometrical figure whatever, is the side of a 
square, equal in area to thq figure. ^ 
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When the area of a square is given, the process of* 
finding one of its sides, which is the root, is called the 
extraction of the square root, the principles of which we 
will now proceed to explain. 

' We have already learned, that a square number is a 
product resulting from two equal factors. For example, 
2025 is a square number resulting from the multiplication 
of 45 by 45. To investigate the constituent parts of this 
product, we will separate the root into two terms, tl^us, 
40 + 5, and multiply it by itself in this form.. We begin ' 
with multiplying 40+5 by 5, and set down the products 
separately, which are ,200 + 25; we then ihultiply 40 + 5 
by 40, and set down the products separately, whirh are 
1600 + 200; the whole product, therefore, is 1600 + 
200 + 200 + 25 = 2025; thus we see, that the whole 
product or square contains the squaj:e of the first term, 
40 X 40= 1600; twice the product of the two terms, 
40X5X2=400; and the square of the last term, 
5X5=25. 

Now the extraction of the square root is the reverse 
of squaring or raising to the second power; therefore, 
the operation of extracting the square root of 2025, which 
we know is the square of 45, must be performed in the 
inverted order of raising 45 to the second power. 

We will now extract the square root of 2025, and 
explain the process, step by step. 

2025 (45 

'I 
Divisor. 40 X 2 = 80 425 dividend 
Divisor j increased by last fig. 85 425 product of 85 by 5. 

Explanation of the process. We began by separating 
the given number into period^ of ifwo figures each, putting 
a dot over the place of units,. and another over hundreds, 
and thereby ascertained that the root would contain two 
places of, figures. We then found that the greatest 
square in the left hand period was 16, and placed its 
root, which is 4, in the quotient, and subtracted the 
square from th^ left hand period, and to the remainder 
brought down the next period for a dividend. 
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Then, knowing the figure in the root to be )n the place 
of tens, and therefore equal to 40, and that the second 
figure in the root must be such, that twice the product of 
the first and second terms, together with the square of 
the seconc), would -complete the square, we took twice 
the root already found, viz. 40 X 2= 80, for one of the 
factors, and using it for a divisor, found the second figure 
in the root by dividing the dividend by this factor. 

Lastly, after finding that the second figure in the root 
was 5, we added it to the divisor, making. 80 + 5 = 85, 
and multiplied the sum by 5, the last figure in the root, 
and thus obtained twice the product of the two terms, 
and the square of the last term; because, 80 is twice the 
first term of the root, and being multiplied by 5, which 
is the last term, the result is twic^ the product of' the 
two terms;, and 5 being multiplied by ^, the product is 
the square of the last term. 

It wiU be observed, that 4, the first figure in the root, 
being in the place of tens, was called 40, and doubled 
for a divisor; but, if we had merely doubled the root 
without any regard to its place, making the divisor 'S, 
and had cut off the right hand figure of the dividend and 
divided what was left, the result would have been the 
same; because, in this operation, both divisor and divi- 
dend would have been divided by 10. Thus 8 is con- 
tained 5 times in 42. The figure obtained for the root, 
in this abridged method, would be placed at the right hand 
of the divisor, instead of being added thereto; thus, 85, 
making the completed divisor the same as before. This 
course^ being the most concise, will be adopted in the 
rule for extracting the square root, which we shall here- 
after give. 

Suppose 169 square rods of land are to be laid out in 
a squai'e, and the length of one of its sides is required. 

We know that the length of a side must be such a 
number of rods, as, when multiplied by itself, will, pro- 
duce 169; therefore we must extract the square root of 
the given number of square rods, and that root will be 
the answer. ^169=13 Jlns, 
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We hero iilusU'ate this 
last example geometrical- 
ly, by a square figure A B 
C D, each side of whiclj e 
is 13 rods long. This 
square is divided into 169 
small squares, each of . 
which is a square rod. 

The whole figure is also 
subdivided iutt) four Bg- 
ures, two of which, ef g 
D and h f i B, are squares; 
and the otlier two, A h f e " 
and C i f g, are oblongs. 

The square e f g D is 10 rods on a side, and, therefore, 
contains 100 square rods. The oblongs are each lOrods 
long and 3 rods wide, and consequently each contains 30 
square rods. The other square, B h f i, is 3 rods on a 
side, and contains 9 square rods. 

To illustrate the process, of extracting the square root, 
we shall take the side A B, which is divided into tno 
parts, the first of which, A h, is 10 rods long; the other, 
h B, 3 rods long. A h being equal to e f, the square 
of A h, the first part, gives the area of the square D e f g; 
h B being equal to ii f, the area of the obloug A h f e, is 
found by ramtiplying the two parts, A h andh B, togetfa- 
er; the area of the other oblong i f gC, is the same; there- 
fore, the area of the two oblongs is twice the product . 
of the. two parts, A h and h B. The square of the last 
part, h B, gives the area of the square h B i f. , 

We have therefore the square of tlie first part A h, 
10 X 10=100 rods; twice the product of the two parts, 
Ah andh B, 10x3X2 = 60 rods; and the square of 
the last part h B, 3 X 3=9 rods. These being added 
together make 169 rods, the square of the whole figure 
A B C D. 

This illustration of a square corresponds exactly with 
that of the first example^ and of course the extraction of 
the square root must proceed on the principles there 
■ lixhibited. 
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Prom the illustrations of the two preceding examples, 
we give the following rule for the extractioQ of the square 

root. 

RULE. First — Point off the given number into periods 
of two figures each^ by putting a dot over the place of 
units J and another over every second figure to the left; 
and also to the rights when there are decimuls. 

Secondly — Find the greatest square in the left hand 
periody and write its root iw the quotient. Subtract the 
square of this root from the left hand period^ and to the 
remainder bring down the next period for a dividend. 

Thirdly — Double the root already founds for a divisor. 
•Sscertain how many times the divisor is contained Jn 
the dividend^ excepting the right hand figure, and place 
the risult in the root, and also at the right hand of the 
divisor. Multiply the divisor, thus increased, by the 
last figure in the rootj and subtract the product from the 
dividend, and to the remainder bring down the next 
period for a new dividend. . 

Fourthly — Double the root already found for a new 
divisor, and continue to operate as before, 4intil all the 
periods are brought down. 

It will sometimes happen, that, by dividing the- dividend 
as directed in the rule, the figure, .obtained for the root, 
will be too great. When this happens, take a less figure, 
and go through the operation again. 

When the places in the decimal are not an even num- 
ber, th^y must be made so, by continuing the decimal, 
if it can be continued; if it cannot, by annexing a cipher, 
that the periods may be full. 

If there be a remainder after all the periods are used, 
a period or decimal ciphers naay be added; or, if the 
given number end in a decimal, the two figures that would 
arise from a continuation of the decimal. The operation 
may be thus continued to any degree of exactness. 

If any dividend shall be found too small 'to contain the 
divisor, put a cipher in the root, and bring down the next 
period to the right hand of the dividend foj* a new divi- 
dend, and proceed in the work. 
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When the square root of a mixed number is required, 
it will sometimes be necessary ta reduce it to an improper 
fraction, or the vulgar fraction to a decimal, before ex- 
tracting the root. 

If either the numerator or denominator of a vulgar frac- 
tion be not a square number, the fraction must be.reduced 
to a decimal, and the approximate robt e.xtracted. 

1. Extract the square root of 4579600. 

4579600(2140 Ms. 
4 

1st. divisor 4 

41 

2d. divisor 42 

424 



57 first dividend. 
41 

1696 second dividend. 
1696 



00 . 

2. What is* the square root of 1 10 f^? 

i 10.24(10.499+ Ans, 
1 



1st. divisor, 2 
2d. divisor, 20 

204 

3d. divisor, 208 

2089 

. 4th. divisor, 2098 

20989 



10 first dividend, 
1024 second dividend. 
816 

20324 third dividend. 
18801 

202324 fourth dividend. 
188901 



13423 remainder. 

■ 

Reducing f| to a decimal, we .found it to be infinite, 
in the recurrence of 24 continually; therefore, in con- 
tiniHug the extraction of the root, instead of adding 
periods of decimal ciphers, we added the period 24 each 
time. The extraction of the root, might have been con- 
tinued indefinitely; but having obtained five places of 
figures in the root, we stopped, and marked off the three 
last places of the root for decimals; because we liiade 
use of three periods of decimals in the question. 
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3. What is the square root of 2704? 

4. Extract the square root of 361. 

5. What is the square root of 3(J25 ? 
6.' What is the square root of 121? 

, 7. Extract the square root of 289. 

8. Extract the square root of 400. 

9. What ij7 the square root oT 4761 ?. 

10. What is the square root of 848241 ? 

11. Extract the square root of 3356224. 

12. What is the square. root of 824464 ? 

13. Find the square root of 49084036. 
14.. What is the square root of 688900? 

15. Find the square'root of 82864609. 

16. Find the square root of 3684975616. 

17. What is the square root of 44890000? . • - 

18. What is the square root of 165649? 

19. Find the square root of 90484249636. 

20. Find the square root of 26494625227849. . 

21. Find the square root of 262400.0625. 
22'. What is thie square root of 841806.25 ? , 

23. What is the square root of 39,037504 ? 

24. Find the square root of 213.7151.61. 

25. Find the square root of .66650896. 

26. What is the square root of 133407 j^^ ? 

27. What is the square root of 15^^^ ? 

28. Extract the square root of 318^^^. 

29. What IS the square root of 51^'^ ? 

30. Extract the square root of 2^. 

31 . What is the square root of 556|f ? 
.32. Extract the square root of 1096|f . 

33. Find the square root of 4120900. 

34. Extract the square root of 5. 

35. Extract the square root of 8. 

36. Extract the square root of 84. • 

37. Extract the square root of 99. 
'38. Extract the square root of 101. 
%39*. Extract the square root of 120. 

40. Extract the square root of 124. 

41. Extract the square root of 143. 

42. Extract the square root of 1.5. 
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43. Extract the square root of .00032754. 

44. Extract the square root of 2.3. 

45. Extract the square root off. 

46. Extract the square root of |. 

47. Extract the square root off. 
4S. Extract the square root of ||. 

49. Extract the square root of 113f. 

50. Extract the square root of 267|. 

The square root of the product of any two numbers is 
a mean proportional between those numbers. 

Thus, 4 IS a mean proportional between 2 and 8; be- 
cause 2:4 = 4:8. But when four numbers are proper 
tionals, the product of the. extremes is equal to the pro- 
duct of the means; that is, the product of the two given 
numbers is equal to the square of the mean proportional. 

51. Find a mean proportional between 4 and 256. 

52. Find a mean proportional between 4 and 196. 

53. Find a mean proportional between 2 and 12.5. 

54. Find a mean proportional between 9.8 and 5. 

55. Find a mean proportional between 25 and 121. 

56. Find a mean proportional between 180.625 and 10. 

57. Find a mean proportional between 52 and 54^^^. 

58. Find a mean proportional between ^ and 3^i 

59. Find a mean proportional between 12 and 147. 

60. Find a mean proportional between \ and 4. 

61. Find a mean proportional between .5 and 98. 

62. Find a mean proportional between 40627^^^7 
and 828. 

63. Find a mean projportional between .25 and 1 . 

64. Find a mean proportional between .li and 810. 

65. Find a mean proportional between .04 and .36. 

66. Find a mean proportional between .09 and .49. 

67. Find a mean proportional between .2 and .015. 

When the square root of the product of the two given 
numbers cannot be extracted without a remainder, the 
mean proportional is a surd, and may be approximated 
by the aid of decimals. 

68. Find a mean proportional between 6 and 12. 

15 
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69. Find a mean proportional between 25 and 14. 

70. Fmd a mean proportional between 64 and 21. 

71. Find a mean proportional between 46 and 55. 

72. Find a mean proportional between 5 and 81. 

73. Find a mean proportional between 77 and 19. 

74. A number oi men spent 1 poimd 7 shillings in 
company, which was just as many pence for each man, 
as there were men in the company. How many were 
there ? 

75. A company of men made a contribution for a chari- 
table purpose; each man gave ais many cents, as there 
were men in the company. The sum collected was 31 
dollars 36 cents. How many men did the company 
consist of .^ 

76. If you would plant 729 trees in a square, how 
many rows must you have, and how many trees in a row ? 

77. A certain regiment consists of 625 men. How 
many must be placed in rank and file, to form the regi- 
ment into a square? 

781 It is required to lay out 40 acres of land in a 
square. Of what length must a side of the square be ? 

79. It is required to lay out 20 acres of land in the 
form of a right angled parallelogram, which'^hall be twice 
as long as it is wide. What will be its length and 
iM^adth ? (See page 162.) 

80. It is required to lay out 30 acres of land in the 
form of a right angled parallelogram, the length of which 
shaH be three times the width. How long and how wide 
will it be ? 



A TRIANGLE . is a figure 
having three sides and three 
angles. When one of the 
angles is such as would form 
one comer of a square, the 
fi^reis called a right-angled 
triangle, and the following 
propositions belong tp it. 



Base 



PROPOSITION ist. The square of the hypotenuse is 
equal to the sum of the squares of the other two sides. 
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PROPOSITION 2d. The square root of the sum of the 
squares of the base and perpendicular is equal to the 
hypotenuse. 

> PROPOSITION 8d. The square root ^/ the difference of 
the squares of the hypotenuse and base is equal to the 
perpendicular. 

PROPOSITION 401. The square root of the difference 
of the squares of the hypotenuse and perpendicular is 
equal to the base. 

By observing the above propositions, wi^en any two 
sides of a right-angled triangle are given, we may always 
find the remaining side. For example^ suppose the base 
of the preceding figure to be 4 yards in length, and the 
perpendicular to be 3 yards in height; then the square 
of the base is 16 yards, and the square of the perpendicu- 
lar 9 yards, and the sum of their squares is 25 yards. 
The square root of 25 yards is 5 yards, which is the 
length of the hypotenuse. 

81. A certain castle, which is 45 feet high, is sur- 
rounded by a ditch, 60 feet broad. What must be the 
length of a ladder, to reach from the outside of the ditch 
to the top of the castle ? 

82. A ladder 40 feet long, resting on the ground at 
the distance of 24 feet firom the bottom of a straight tree, 
and leaning against the tree, just reaches to the first limb. 
What is the length of the tree's trunk ? 

83. Two brothers left their father's house, and went, 
one, 64 miles due west, the other, 48 miles due north, 
and purchased farms, on which they now live. How far 
from each other do they reside ^ 

84. ^ James and George, flying a kite, were desirous 
of knowing how high it was. Alter some consideration, 
they perceived, that their knowledge of the square root, 
and of the properties of a right angled triangle, would 
enable them to ascertain the height. James held the 
line close to the ground, and George ran forward till he 
came directly under the kite; thep measuring the distance 
from Janbes to George, they found it to be 312 feet; and 
pulling in the kite, they found the length of line out, to 
be 520 feet. How high was the kite f 
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85. A ladder, 40 feet long, was so placed in a street, 
as to reach a window 33 feet from the ground on one side, 
and when turned to the other side without chan^g the 
place of its foot, reached a window 21 feet high. The 
breadth of the street is required. 

86. The distance between the lower ends of two eqq^l 
rafters, in the different sides of a roof, is 32 feet, and the 
height of the ridge above the foot of the rafters is 12 
feet. Find the length of a rafter. 

A straight line, drawn 
through the centre of a square, 
or through the centre of a right- 
aogled parallelogram, from oAe 
angle to its opposite, is called 
a DiAGONAi.; and this diagonal 
is the hypotenuse of both the 
right-angled triangles into which 
the square or parallelogram ia 
thus divided. 

87. A certain lot of land, lying in a square, coDtams 
100 acres: at what distance from each other are the 
opposite comers i 

88. There is a square field containing 10 acres: what 
is the distance of the centre from either comer ? 




A ciBCLE is a plane surflice 
bounded by one curve &b^ 
called the cireumfereticei 
every part of which is equaHy 
distant from the centre. 

A straight Ime through the 
centre of a circle is c^ed a 
diameter, and a straight line 
from the centre of a circle to 
the circumference is called a 
raditu. 

The areas of all circles are to one another, as the 
squares of their like dimensions. That is, the area of a 
greater circle h to the area of a less circle, as the square 
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of the diameter of the greater to the square of the diame- 
ter of the less. Or thus, the area of tne greater is to the 
area o( the less, as the square of the circumference of 
the greatier to the square of the circumference of the less. 

Therefore, to find a circle, which shall contain 2, 3, 
4, &c. times more or less space than a given circle, we 
have the following — 

RULE. Square one of the dimefmons of the given 
circlej andy if the required circle be greater^ miUtiply 
the square by the given ra$io, then the square root of the 
product will be the like dimension of the required circfe; 
but^ if the required circle be less than the given one, 
divide the square by the given ratio; then the square 
root of the quotient ufill be the similar dimension of the 
circle required, 

89. The, diameter of a given circle is 11 inches: what 
is the diameter of a circle containing 9 times as much 
space .'^ 

90. Find the diameter of a circle, which shall contain 
one fourth of the area of a circle of 4? feet diameter. 

91. What must be the circumference of a circular 
pond, to contain 4 times as much surface, as a pond, of 
1.5 mile in circumference ? 

92. Find the circumference of a ponJ\^ich shall con- 
tain ^ part as much surface, as a pond of 13^ miles 
circumference. 

93. Find the diameter of a circle, which shall be 36 
times as rnueh in area, as a circle of .18i rods diameter. 

The diwneter of a circle is to the circumference in the 
ratio of I t0k 3.14159266, nearly: therefore^ if we know 
the one, we iv^ find the other. Thus, the circumference 
of a fcircle, thd dkynaeter pf which is 8, is 3.14169265 X 
8=25.1327413^ the diameter of a circle, the circum- 
ference of whick is 15.707^6326, is 15.70796326 -^ 3. 
14159266 = 5. . 

To find the area of a cirZce, multiply the circumference 
by the radius^ and dividethe product by 2. 

' 94. How many feet in length is the side of a square, 
equal in area to a circle of 36 feet diameter..^ 

16* 
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95- Find the side of a square equal in area to a circle 
of 20 rods in diameter. 

96. Find the diameter of a pond, thatiihall contain^ 
as much surface, as a pond of 6.986. miles circumference. 

97., Find the length and breaddi of a right-angled 
parallelogram, which shall be 4 times as long as it is wide, 
and equd in area to a circle of 43.9822971 rods circum- 
ference. 

98. Find the circumference of a pond, which shall 
contain as much surface, as 9 ponds of ^ of a mile diam- 
eter each. 



EXTRACTION OF THE CUBE ROOT. 

A ciTBE is represented by a . — ^ 

solid hlock — like eithel: of fMlB 

those annexed — with sis plane BIjP 

surfaces; having its length, 
breadth, and height all equal. 
Consequently, the solid con- 
tents of a ciibe are found by 
multiplying one of its sides 
twice into itself. For this 
reason, the third power of any 
number is called a cube. 

Therefore, if we multiply 
the square of a number by its 
root, we obtain a product, 
which \i called a cube, or a 

cubic number. For instance, '^multiplied by 4 produces 
16, which is the square of 4, as shown on one of the 
sides of this larger block; and 16 mult^lied by 4 pro- 
duces 64, which is the cube of 4, as shown by the whole 
of the larger block. 

Thus the cube of any quantity is produced by multiply- 
ing the quantity by itself, and again multiplying the pro- 
duct by the original quantity. When the quantity to be 
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cubed is a mixed number, it may be reduced to an imr 
proper fraction, ^nd the fraction cubed, iind then reduced 
back to a mixed number. 

As we can, in the manner explained, find the cube of 
a given number, so also, when a number is proppsed, we 
may reciprocally find a number, which being cubed will 
produce the given number. In this case, the number 
sought is called, in relation to the given number, the 
CUBE ROOT. Therefore, the cube root of a given num- 
ber is the number, whose cube is equal to the given 
number. For instance, the cube root of 125 is 5; the 
cube root of 216 is 6; the cube root of |^ is ^; the cube 
root of 3|is 1^. 

A cube cannot have more places of figures than triple 
the places of the root, and, at least, l)ut two less than 
triple the places of the root. Take, for instance, a 
number consisting of any number of places, that shall be 
the greatest possible in those places^ as 99, the cube of 
which is 970299; here the places are triple. Again, take 
a number, that shall be the least possible in those places, 
as 10, the cube of which is 1000; here the places are two 
less than triple. 

It is manifest from what has been said, that a cubic 
number is a product resulting from tlwee equal factors. 
For example, 3375 is a cubic number arismg from 15X 
15X15. To investigiate the constituent parts of this cubic 
number, we will separate the root, from which it was 
produced, into two parts, and instead of 15, write 10+5, 
and raise it to the third power in this form. 



10 

10 + 



5 
5 



Product of 10- 
Product of 10- 

The square, - 



5 by 5, ■ 
5 by 10, 



- 50 + 25 
100+ 50 

100+100 + 25 
10+5 



Prod, of 100+100+25 by 5, 
Prod, of 100+ 100+26 by 10, 

The third power, - 



- 500+500 + 125 
1000+1000+260 



1000+1500+750+125 
This product contains the cube of the first term, three 
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times the square of the first term multiplied by the sec- 
ond term, three times the first term multiplied by the 
square of the second term, and the cube of the second 
term: thus, 10X10X10=1000; 10X10x3X5=1600; 
10X3X26=760; 6X6X6 = 126. 

Now, if the cube be given, viz. 1000 + 1600+760+ 
126, and we are required to find its root, we readily 
perceive by the first term 1000, what must be the first 
term of the root, since the cube root of 1000 is 10; if, 
therefore, we subtract the cube of 10, which is 1000,. 
from the given cube, we shall have for a remainder, 
10X10X3X6 = 1600, 10X3X25=760, and 6X6X6 
=126; ajid from this remainder we must obtain the second 
term in the root. As we already know that the second 
term is 5, wa have only to discover how it may be 
derived from the above remainder. Now that remainder 

may be expressed by two factors; thus, (10X10X3 + 

10X3X6 + 5X6) 6: therefore, if we divide by three 
times the square of the first term of the root, plus three 
times the first term multiplied by the second term, plus 
the square of the second term, the quotient will be the 
second term of the root, which is 5. 

But, as the second term of the root is supposed to be 
unknown, the divisor also is unknown; nevertheless we 
have the first terra of the divisor, viz. three times" the 
square of the root already found; and by means of this, 
we can find the next term of the root, and then complete 
the divisor, before we perform the division. After find* 
ing the second term of the root, it will be necessary, in 
order to complete the divisor, to add thrice the product 
of the two terms of the root, and ,the square of the sec- 
ond term, to three times the square of the first term pre 
viously found. 

The preceding analysis explains the following rule for 
the extractidn of the cube root. 

RULE. First — Point off the given number into periods 
of three figures cac/i, beginning at the unites place^ and 
.pointing to the left in integers^ and to the right in deci- 
mals; making full periods of decimals by supplying the 
defieiencyy when any exists. 
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2dly — Find the foot of the left hand period ^ place it 
in the quotient^ and subtract its cube from the given 
nurhber. The remainder is a new dividend. 

3dly — Square the root already found and multiply Us 
square by 3, for a divisor, 

4thly — Find how many times the divisor is contained 
in the dividend^ and place the result in the quotient. 

5thly — In order to complete the divisor, multiply the 
root previously found, by the number last pint in the root, 
triple the product, and add the result to" the divisor; also 
square the number last put in the root, and add its square 
to the divisor. 

Lastly — Multiply the divisor thus completed, by the 
number last put in the root, and subtract the product from 
the dividend. The remainder will be a new dividend. 

Thus proceed, till the whole root is extracted. 

We will extract the cube root of 34965783, deDOting 
each step of the operation, from first to last, by a refer- 
ence to that part of the rule, under which it falls. 



First, 
2dly. 



Cube of 300, subtracted, - - 

New dividend, 

3dly . 300 X 300 X 3 [a divisor] 270000 

4tMy. Divisor in new dividend, - - 

5thly. Triple prod. of 300X20, 18000 

Square of last number, 400 

Divisor completed, - 288400 

Lastly. 288400 X 20; subt'ed, ■ - 

New dividend, 

3dly. 320X320X3 [a divisor] 307200 

4thly. Divisor in new dividend, - - 

Stilly. Triple prod, of 321DX7, 6720 

Square of last number, 49 

Divisor completed, - 313969 
Lastly. 31 3969 X 7, subtracted. 



34965783 
27000000( 300 

7965783 

. . - (20 



5768000 



2197783 

... (7 



2197783 



300+20 + 7 = 327 Ms. 
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In comjJeting every divisor, we have three products 
to add together; viz. three times the square of the root 
already found; three times the product resulting from the 
multiplication of the root already found, by the number 
last put in the root; and the square of the last number. 

It the ciphers be removed from the right hand of each 
of these products, the remaining figures in each succeed- 
ing product will stand one place to the right of each 
preceding product; therefore, the work will be consider- 
ably abridged by adopting the following — 

• - 

RULE. First — PoiiU off the given number into periods 
of three figures each, o^ before directed. 

2dly — Find the root of the left hand period, place it 
in the quotient without regard to^ocal value, and sub- 
tract its cube from that period; and to the remainder bring 
down the next period for a dividend. 

3dly — Square the root already found, without dny re- 
gard to its local value, and muUiply its square by i,for 
a divisor. 

4thly — Find how many times the divisor is contained 
in the dividend, omitting the two right hand figures, and 
place the result in the quotient. 

6thy — To complete the divisor, multiply the root pre- 
viously found, by the figure last phiced in the quotient, 
without regarding local value, triple the product, and 
write it under the divisor, one place to the right; square 
the figure last put in the quotient, and write its square 
under the preceding product, one place to the right. Add 
these three together, and their sum is the divisor completed. 

Lastly — ^Multiply the divisor thus completed, by the 
figure last placed in the root, and subtract the product 
from the dividend; and to the remainder bring down the 
next period for a new dividend. 

Thus proceed, till the whole root is extracted. 

Observe, that, when the divisor is not contained in the 
dividend, as sought in the fourth part of the rule, a cipher, 
must be put in the root, and the next period brought down 
for a new dividend. 
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48 



- 4800 



64' 
1890 



0000 



18903U 



Observe, also, that when the figure obtained for the 
root by dividing, as directed in the fourth part of the rule, 
is found, on completing the divisor, to be too large, a 
smaller figure must be substituted in its place, and the 
divisor completed anew. 

There are^ always as many decimals in the root, as 
periods of decimals in the power. 

We will extract the cube root of 65890311319, in tho 
abridged form; referring, as before, to the particular part 
of the rule, under which each step of the operation pro 
ceeds. 

First, 66890311319(4039 

2dly. Cubeof4,subtM 
Dividend, - - 
3dly. 4X4X3 [div^r] 
4thly. 48 was not con- 
tained in 18. 

Lastly. New dividend, 
3dly. 40X40X3, - 
4thly, 4800 in 18903, 

3 times. 
5thly, Triple product 

of 40X3,- " 
Square of 3, 

Divisor comp'd, 

483609X3, and 

subtracted, - 

New dividend, 
403X403X3, - 
487227 in 4394 

843, 9 times. 
Triple product 

of 403X9, • 
Square of 9 

Divisor comp'd," 

Lastly. 48831591 X 9, 

and subtracted. 



Lastly. 



3dly. 
4thly. 

5thly. 



» 




" ' 360 




' - 9 




- 483609 


- 


m ^ «■ • 


1450827 




439484319 


487227 


• 


10881 




81 




48831591 


- 


" r - 


439484319 
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We will now extract the cube root of 178263.433152, 
in the abridged form, as in the preceding example; but 
without reference to the parts of the rule. 

178263.433152(56.28 .ins. 
125 



75 
90 
36 


53263 


8436 

9408 
336 
4 


50616 
2647433 


944164 


1888328 


947532 

13488 
64 


759105152 

4 


94888144 


759105152 



1. Extract the cube root of 614125. 

2. What is the cube root of 191102976 ? 

3. What is the cube root of 18399.744 ? 

4. Find the cube root of 253395799552. 

5. What ij5 the cube root of 1740992427 ? 

6. Extract the cube root of 35655654571. 

7. Find the cube root of 27243729729. 

8. What is the cube root of 912673000000 ? 

9. What is the cube root of 67518581248 .? 

10. Find the cube root of 729170113230343, 

11. Extract the cube root of 643.85344787*'^ 

12. Find the cube root of .000000148877. 

13. What is the cube root of 123 ? 

14. Extract the cube root of 517. 

15. Extract the cube root of 900. 

16. Extract the cube root of y\ . 
17.' What is the cube root of | .^ 

1 8. What is the cube root of -^j ^ 

19. What is the cube root oi-^^^j } 

20. Extract the cube root of 26. 




CUBE ROOT. 181 

To find two MEAN PROPORTIONALS between tw^gived 
numbers, divide the greater by the less^ and extraet the 
cube root of the quotient: then multiply the cube root by 
the least of the given numbers^ and the product will b4 
the least of the mean proportionals; and the least mean 
proportional multiplied by the same root^ mil give the 
greatest mean proportional, 

21. What are the two mean proportionak between 6 
and 750 ? 

22. What are the two mean proportionals between 56 
and 12096 ? 

To find the side of a cube equal in solidity to any 
^iven solid, extract the cube root oj the solid contents of 
the given body^ and it mil be the required side. 

23. There is a stone, of cubic form, containing 21952 
solid feet. What is the length of one of its sides ? 

24.^ The solid contents of a globe are 15625 cubic 
inches: required the side of a cube of equal solidity. 

25. Required the side of a cubical pile of wood, equal 
to a pile 28 feet long, 18 ft. broad, and 4 ft. high. 

Ml solid bodies are to each other j as the cubes of their 
diameters, or similar sides. 

26. If a ball 6 inches in diameter weighs 32 pounds, 
what is the diameter of another ball of the same metal, 
weighing 4 pounds ? 

27. If a ball of 4 inches diameter weighs 9 pounds, 
what is the diameter of a ball weighing 72 pounds f 

28. What must the side of a cubic pile of wood mea- 
sure, to contain ^ part as much as another cubic pile, 
which measures lO feet on a side ? 

29. If 8 cubic piles of wood, each measuring 8 feet on 
a side, were all put into one cubic pile, what would be 
the dimensions of one of its sides ? 

30. The solid contents of a globe 21 inches in diame- 
ter are 4849.0596 solid inches; what is the diameter of 
^ globe, whose solid contents are 11494.0672 inches ? 

31. What are the inside dimensions of a cubical bin, 
that will hold 85 bushels of grain .^ (See note, page 27.) 

32. What must be the inside dimensions of a cubical 

16 
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bin, to hold 450 bushels of potatoes, 2815.489 cubic 
inches, (heaped measure), making a bushel ? 

33. What must be the inside measure of a cubical 
cistern, to hold 10 hogsheads of water ? , 

34. What must be the inside measure of a cubical 
cistern, that will hold 20 hogsheads of water ? 

35. What are the inside dimensions of a cubical cis- 
tern, that holds 40 hogsheads of water ? 

36. Suppose a chest, whose length is 4 feet 7 inches^ 
breadth 2 feet 3 inches, and depth 1 foot 9 inches: what 
is the side of a cube of equal capacity ? 

37. Suppose I would make a cubical bin of sufficient 
capacity to contain 108 bushels; what must be the dimen- 
sions of the sides ? 



XXXI. 

ROOTS OP ALL POWERS. 

The roots of many of the higher powers may be ex- 
tracted by repeated extractions of the square root, or 
cube root, or both, as the given power may require. 
Whenever the index of the given power can be resolved 
into factors, these factors denote the roots, which, being 
successively extracted, will give the required root. 

Thus, the index of the fourth power is 4, the factors 
of which are 2X2; therefore, extract the square root 
of the fourth power, and then the square root of that 
square root will be the fourth root. The sixth root is 
the cube root of the square root, or the square root of 
the cube root; because 3X2=6. The eighth root is 
the square root of the square root of the square root; be- 
cause 2X2X2=8. The ninth root is the cube root 
of the cube root; because 3X3=9. The tenth root 
is the fifth root of the square root; because 2 X 5 =? 10. 
The twelfth root is the cube root of the square root^of 
the square root; because 2X2X3 = 12. The twenty- 
seventh root is the cube root of the cube roof of the cube 
root; because 3.X 3 X3=27. 
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The following is a general rule for extracting the 
roots of all powers. 

RULE. First — Prepare the given number for extractionj 
by pointing off from the unites place^ as the required root 
directs; that is^ for the fourth root^ into periods of four 
figures; for the fifth root into periods of five figures^ ^c. 

2dly. — Find the first figure of the root by trials and 
subtract its power from the left hand period, 

Sdly. — To the remainder bring down the first figure in 
the next period for a dividend. r 

4thly. — Involve the root io the next inferior power to 
that which is given^ and multiply it by the number denot' 
ing the given power ^ for a divisor, 

5thly. — Find how many times the divisor is contained 
in the dividend, and the quotient will be another figure 

of the root. 

^thly. — Involve the whole root to the given power , and 
subtract it from the two left hand periods of the given 

number. 

Lastly. — Bring down the first figure of the next period 
to the remainder J for a new dividend, to which find a new 
divisor, as before. Thus proceed, till the whole root is 
extracted. 

Observe, that when a figure obtained for the root by 
dividing, is found by involving, to be too great, a less 
figure must be taken, and the involution performed again. 
"We will extract the fifth root of 36936242722357. 

36936242722357(517 Ms. 
5^= 3125 
54 X 5 = 3125 first divisor. 5686 first dividend. 

515= 345025251 

514x5 = 33826005,? ^^ ^. .^ _ 

second divisor. \ 243371762 2d. dividend. 

5175= 36936242722357 

1 . What is the fifth root of 5584059449 ? 

2. Find the fifth root of 2196527536224. 

3. Extract the fifth root of 16850581551 ? 

4. Find the seventh root of 2423162679857794647. 
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XXXII. 

EQUIDIPPERENT SERIES. 

A series of numbers composed of any number of terms, 
which uniformly increase or decrease by the same num- 
ber, IS caJled an equidifferent series. This series 
has, very commonly, but without any propriety, been 
called Arithmetical Progression. 

When the numbers increase, they form an ascending 
series; but when they decrease, a descending series. 
Thus, the natural numbers, 1, 2, 3, 4, 5^ 6, 7, 8, 9, form 
an ascending series, because they continually increase by 
.1; but 9, 8, 7, 6, &c^ form a descending series, because 
they continually decrease by 1. 

The numbers, which form the series, are called the 
terms of the series. The first and last terms in the series 
are called the extremes; and the other terms, the means. 

The number, by which the terms of the series are 
continually increased or diminished, is called the common 
difference. Therefore, when the first term and conomon 
difiTerence are given, the series may be continued to anr 
length. For instance, let 1 be the first term in an eqm- 
different series, and 3 the common difference, and we 
shall have the following increasing series; 1, 4, 7, 10, 
13, &c., in which each succeeding term is found by 
adding the common difference to the preceding term. 

THEOREM I. When four numbers form an equidiffer- 
ent series J the sum of the two extremes is equal to the sum 
of the two means. Thus, 1, 3, 5, 7, is an equidifferent 
series, and 1+7=3+5. Also in the series 11, 8, 5, 
2, 11+2 = 8 + 5. 

THEOREM II. In any equidifferent series^ the sum of 
the two extremes is equal to the sum of any two means ^ 
that are equally distant from the extremes; and equal to 
double the middle term^ when there is an uneven number 
of terms. Take, for example, the equidifferent series, 
2,4, 6, 8, 10, 12, 14; 2+14=4+12; and 2+ 14 = 
6 + JO; also 2+14=8 + 8. 
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, Since, from the nature of an equidifferent series, the 
second term is just as much greater or less than the first, 
as the last but one is less or greater than the last, it is 
evident, that when these two means are added together, 
the excess of the one will make good the deficiency of 
the other, and their sum will be the same with that of 
the two extremes. In the same manner it appears, that 
the sum of any other two means equally distant from the 
extremes, must be equal to the sum of the extremes. 

THEOREM III. The difference between the extreme 
terms of an equidifferent series is equal to the common 
difference multiplied by the number ' of terms less 1 . 
Thus, of the six terms, 2, 5, 8, 11, 14, 17, the common 
difierence is 3, and the number of terms less 1, is 6; then 
the difference of the extremes is 17 — 2, and the common 
difierence multiplied by the number of terms less 1, is 
3X5; and 17—2=3X6. 

The difference between the first and last terms, is the 
increase or diminution of the first by all the additions or 
subtractions, till it becomes equal to the .last term: and^ 
' as the number of these equal additions or subtractions is 
one less than the number of terms, it is evident that this 
common difierence being multiplied by the number of 
terms less 1, must give the difierence of the extremes. 

THEOREM IV. The sum of all the terms of any equi- 
different series is equal to the sum of the two extremes 
multiplied by the number of terms and divided by 2; or, 
which amounts tothesame^ the sum of all the terms tV equal 
to the sum of the extremes multiplied by half the thenum" 
ber of terms. For example, the sum of the following 
series, 2, 4, 6, 8, 10, 12, 14, 16, is 2 + 16X4 = 72. 
This is made evident by vn-iting under the given series 
the same series inverted, and adding the corresponding 
terms together as follows. 

The given series, 2, 4, 6, 8,10,12,14,16. 

Same series inverted, 16,14,12,10, 8, 6, 4, 2. 

. Sums of the series, 18, 18, 18, 18, 18, 18, 18, 18. 

This series of equal terms, (18), is evidently equal to 
twice the sum of the given series; but the sum of these 

16* 
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equal terms is 18XS==144; and since this sum is twice 
as great as that of the given series, the sum of the given 
series must be 72. 

Any three of the 6ve following things being given, the 
other two may be readily found. 

The first term. 
The last term. 
The number of terms. 
The common difference. 
The sum of all the terms. 

PROBLEM. I. The extremes and number of terms be- 
ing given, to find the sum of all the terms. 

RULE. Multiply the sum of the extremes by the num- 
ber of the terms, and half the product mil be the sum 
of all the terms. See Theorem 4th. 

1 . The first term in an equidifierent series, is 3, the last 
term 19, and the number of terms is 9. What b the 
sum of the whole- series ? 

2. How many strokes does a conmion clock strike in 
12 hours f ' . 

3. A hundred cents were placed in a jight line, a yard 
apart, ana tbe first a yard from a basket. What distance 
did the boy travel, who, starting from the basket, picked 
them up singly, and returned with them one by one to 
the basket ? 

4. If a number of dollars were laid in a straight line 
for the space of a mile, a yard distant from each other, 
and the first a yard from a chest, what distance would 
the man travel, who, starting from the chest, should pick 
them up. singly, returning with them one by one to the 
chest ? 

I 

PROBLEM 11. The extremes and number of terms 
given, to find the common difference. 

RULE. Subtract the less extreme fron^ the greater^ and 
divide the rerhainder by the number of terms less 1 , and 
the quotient will be the common difference. 

U has been shown under Theorem 3d. that the dififer- 
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ence of the extremes is found by multiplying the common 
difference by the number of the terms less 1; conse- 
quently, the common difference" is found by dividing the 
difference of the extremes by the number of the terms 
less 1. 

5. A man had 10 «ons, whose ages differed alike; the 
youngest was 2 years old, and the eldest 29. What 
was the difference of their ages ^ 

6. The extremes in an equidifferent series are 3 and 
87, and the niunber of terms 43. Required the common 
difference. 

7. A man is to travel from Boston to a certain place 
in 9 days, and to go but 5 miles the first day, and to 
increase his journey every day alike, so that the last day's 
journey may be 37 miles. Required the daily increase, 

and also the number of miles travelled.. 

, - 

PROBLEM III. The extremes and common difference 
given, to find the number of terms. 

RULE. Divide the difference of the extremes by the 
common difference^ and add 1 to the quotient; the sum 
will be the number of terms. 

The difference of the extremes divided by the number 
of the terms less 1, gives the common difference; con- 
sequently, the same divided by the common difference 
must give the number of terms less 1 : hence, this quotient 
augmented by 1, must give the number of terms. 

8. The extremes in an equidifferent series are 3 and 
39> and the common difference is 2: what is the number 
of terms ? 

9. A man going a journey, travelled 7 miles the first 
day, and increased his journey every day by 4 miles, and 
the last day's journey was 51 miles. How many days did 
he travel, and how &r } 

10. A man commenced a journey with great animation, 
and travelled 55 miles the first day; ]yvt on the second 
day he began to be weary, and travelled only 51 milds, 
and thus continued to lose 4 miles a day, till his last 
day's journey was only 15 miles. How many days did 
be travel? 



188 ARITHMETIC. XXXIII. 

PROBLEM IV. To find an equidifierent mean between 
two given terms. 

RULE. Md the two given terms together^ and half 
their sum will be, the equidifferent mean required, 

11. Find an equidifferent mean between 3 and 15. 

12. What is the equidifferent mean between 7 and 53.^ 

13. Find an equidifferent mean between 5 and 18. 

PROBLEM V. To find two equidifferent means between 
the given extremes. 

RULE. Divide the difference of the extremes by 3, and 
the quotient will be the common differencey which^ being 
continually added to the less extreme j or subtracted ^ from 
the greater^ gives the two required means. 

14. Find two equidifferent means between 4 and 13. 

15. Find two equidifferent means between 5 and 22. 

16. Find two equidifferent mieans between 4 and 53. 

PROBLEM VI. To find any numbers of equidifferent 
means between the given extremes. 

RULE. Divide the difference of the extremes by the re^ 
quired number of means plus 1 , and the quotient will be 
the common difference^ which being continually added to 
the less extreme y or subtracted from the greater ^ will give 
the mean terms required, 

17. Find five equidifferent means between 4 and 28. 

18. Find six equidifferent means between 6 and 55. 

19. Find 3 equidifferent means between 34 and 142. 
j20. Find one equidifferent mean between 56 and 100. 
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CONTINUAL PROPORTIONALS. 

The numbers of a series in which the successive terms 
increase by a common muhiplier, or decrease by a com*- 
mon divisor, are continual proportionals. 

This series of numbers has been commonly called a 
Grepmetrical Progression; but, perceiving no appropriate 
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meaniDg in this term, we choose to call the series, what 
it is in truth, a aeries of Continual Proportionals. 

The common multiplier, or common divisor, by which 
the successive tenns are increased or deminished, is 
called the ratio of the series, or the common ratio. 

12 3 4 5 6. 

Thus, 3, 6, 12, 24, 48, 96 is a series of continual pro- 
portionals, in which each successive term is produced by 
murtiplying the preceding term by 2, which is the com- 
mon ratio. The numbers 1, 2, 3, 4, &c. standing 
above the series, mark the place, which each term holds 
in the series. 

Also, 729, 243, 81, 27, 9, 3, 1,'is a series of continual 
proportionals, in which each successive term is found by 
dividing the preceding term by 3, the common ratio. 

In an increasing series, the ratio is the quotient, which 
results from the division of the consequent by the ante- 
cedent; but in a decreasing series, the ratio is the quo- 
tient resulting from the division of the antecedent by the 
consequent. 

In every series of continual proportionals^ any four 
successive terms constitute a proportion. Thus, in the first 
of the above series, 3 : 6 = 12 : 24, and 6 : 12=24 : 
48, also, 12 : 24=48 : 96. In the second series, 
729 : 243 = 81 : 27, 243 : 81=27 : 9, 81 : 27 = 9 :. 
3, 27 : 9=3 : 1. Therefore, when there are only four 
terms, the product of the extremes is equal to the pro- 
duct of the means. 

Furthermore, in any series of continual proportionals, 
the product of the extremes is equal tp the product of 
any two terms equally distant from them; and equal to 
the second power of the middle term, when there is an 
uneven number of terms. For instance, take the con- 
tinual proportionals 2, 4, 8, 16, 32, 64, 128; then 2 X 
128=4X64; also 2X128=8X32; and 2X123 = 
16X16. 

When the first term and the ratio are given, a series 
of continual proportionals may be extended to any num- 
ber of terras by continually multiplying by the ratio in 
an increasing series, or dividing in a decreasing series. 
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For example, the first term being 2, and the ratio 3, if we 
make it an increasing series by contkiuallj multiplying by 
the ratio, we obtain the following series, 2, 6, 18, 54, 
162, 486, which may be extended to any number of 
terms; but, if we make it a decreasing series by continu- 
ally dividing by the ratio, we obtain the following series, 
2> f 9 f 5 575 ¥15 ^fyj which may also be extended to any 
number of terms. 

In the series 2, 6, 18, 54, 162, 486, we obtain the 
second term by multiplying the first term by the ratio; 
the third term by muhiplying the second term by the 
ratio; the fourth term by multiplying the third term by 
the ratio; the fifth term by multiplying the fourth term by 
the ratio; the sixth term by multiplying the fifth term by 
the ratio. Therefore, since to obtain the sixth term, we 
have to multiply five times by the ratio, it is evident 
that we should also obtain the sixth term by multiplying 
the first term by the fifth power of the ratio. The fifth 
power of 3 is 243, which being multiplied into the' first 
term, the result is 486, the same as in th6 series. 

Hence we see, ihat any term in any increasing series 
of continual proportionals mav be found by multiplying 
the first term by that power oi the ratio, which is denoted 
by the number of terms preceding the required one. 
For instance, the ninth term in an increasing series is 
found by multiplying the first term by the eighth power 
of the ratio; thus let 2 be the first term, and 3 the com- 
mon ratio; then 2X3^ gives the ninth term, which is 
13122. 

If the series be a decreasing one, any term in it may 
be found by dividing the first term by that power of the 
ratio; which is denoted by the number of terms preceding 
the required^ one. For instance, the seventh term in a 
decreasing series is found by dividing the first term by 
the sixth power of the ratio; thus, let 24576 be the first 
term in a decreasing series, and 4 the common ratio; 
then 24576 -T- 4^ gives the seventh term, which is 6. 

We will now state several problems, which occur in 
contmual proportionals, and give the rule3 for performing 
them. 
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PROBLEM I. The first term and the ratio being given, 
to find any other proposed term. 

RULE. Raise the ratio to a power ^ whose index is equal 
to the number of terms preceding the required term: then^ 
if it be an increasing series^ multiply the first term by 
this power of the ratio;: but, if it be a decreasing series, 
divide the first term by it: the result will be the required 
term. 

1 . Required tlie eighth term in an increasing series 
whose first term is 6, and ratio 2. 

2. Required the ninth term in a decreasing series, the 
first term of which is 131072, and the ratio 4. 

3. What is the seventh term in an increasing series, 
the first term being 3, and the ratio 1.5 ? 

4. What is the sixth term in an increasing series, whose 
first term is i^foT? ^^ ^^^^^ '^ - 

5. What is the tenth term in a decreasing series, the 
first term being 3874204S9, and the ratio 9 ? 

One of the principal questions, which occurs in a series 
of continual proportionals, is to find the sum of the 
series. We shall, therefore, illustrate the method. 

Let there be given the following series, consisting of 
seven terms, whose common ratio is 3; viz. 2, 6, 18, 54, 
162, 486, 1458. Let each term in this series be multiplied 
by the ratio 3; and let each product be removed one 
place to the right of the terms in the given series. 
The given series, 2, 6, 18, 54, 162, 486, 1458 
multiplied by ratio. 6, 18, 54, 162, 486, 1458, 4374. 

Now the last term in the second series is produced by 
multiplying the last term in the given series by the ration 
and it is evident that if the given series be subtracted 
firom the second series, the remainder will be the last- 
term in the second Series diminished only by the first 
term in the given series, and this remainder will be twice 
the sum of the given series; consequently, if we divide 
it by 2, the quotient will l\e the sum of the given series; 
but 2 is the ratio less 1. •, Hence 

PROBLEM II. The extremes and the ratio being given, 
to find the sum of the series. 



19a ARITHMETIC. XXXIII. 

RULE. Multiply the greater extreme by, the ratio ^ from 
the prodtict subtract the less extreme, and divide the re- 
Tnainder by the rcUio less 1, and the quotient tviU be the 
sum of the series. 

6. The first term in a series of continual proportionals 
is 1, the last term is 65611, ana the ratio is 3. What is 
the sum of the series ? 

65611X3 = 196833 

1^ 

ratio 3—1=2) 196832 

98416 Ans.. 

7. The extremes of a series of continual proportional; 
are 3 and 12288, and the ratio is 4. What is the sum 
of the series ? 

8. The first term in a series, of continual proportionals 
in 12500, the last term is 4, and the ratio 5. What is 
the sum of the series ? 

9. The first term in a series of continual proportionals 
is 7, the last term 1792, and the ratio is 2. What is the 
sum of the series ? 

10. The extremes in a series of continual proportionals 
are 5 and 37.96875, and the ratio is 1.5. What is the 
sum of the series ? 

1 1 . The first term in a series of continual proportionals 
is 100, the last term .01, and the ratio 2.5. Required 
the sum of the series. 

PROBLEM III. The first term, the ratio, and the num- 
ber of terms given, to find the sum of the series. 

RULE. Find the last term by problem 1, and the sum 
ef the series by problem 2. 

12. The first term in an increasing series of continual 
proportionals is 6, the ratio 4, and the number of terms 8. 
What is the sum of the series } 

13. The first term in an increasing series of continual 
proportionals is 4, the. ratio 4, and the number of terms 
13. Required the sum of the seriea. 

14. The first term in a decreasing series of continual 
proportionals is 1, the ratio 3, and die number of term3 
13. What is the sum of the series } ^ 
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15. A man pifers to sell his horse by the nails in his 
shoes, which are 32 in number. He demands one mill 
for the first nail, 2 for the second, 4 for the third, and so 
on, demanding for each nail twice the price of the pre* 
ceding. It is required to find what would be the price 
of the horse. 

16. An ignorant fop wanted to purchase an elegant 
house, and a facetious man told him he had one, which 
he would sell him on these moderate terms; viz. that he 
should give him one cent for the first door, 2 for the 
second, 4 for the third, and so on, doubling the price for 
every door, tliere being 36. It i^ a bargain, cried the 
simpleton, and here is a half-eagle to bind it. What was 
the price of the house ? 

PROBLEM IV. The extremes and the number of ternis 
being given, to find the ratio. 

RULE. Divide the greater extreme by the less, and the 
quotient will be that power of the ratio, which is denoted 
by the number of terms less 1; consequently, the eorres" 
ponding root of this quotient will be the ratio. 

This problem is the reverse of problem 1, and the 
reasoning which precedes that problem, sufficiently eluci- 
dates the rule in this. 

The first term in a series of proportionals is 192, the 
last term 3, and the number of terms 7. What is the ratio .^ 
192-H3 = 64; the number of terms^ less 1^ is 6; there- 
fore the sixth root of 64, which is 2, is the ratio. 

17. In a series of continual proportionals, the first 
term is 7, the last 45927, and the number of terms 9. 
What is the ratio ^ 

18. The first term in a series of continual proportion- 
als is 26244, the last term 4, and the number of terms 5. 
Required the ratio. 

19. The first term in a series of continual proportionals 
is ^, the last term 102942^, and the aumber of terms 8. 
What is the ratio ? ' 

20. The first term in a series of continual proportion- 
als is 78125, the last term y^y, and the number of terms 
11. Required the ratio. 

17 
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PROBLEM V. To find any number of mean proportion- 
als between two given numbers. 

RULE. The two given numbers are the extremes of a 
series consisting of two more terms than there are means 
required; hence the ratio will be found by problem 4. 
Then the product of the ratio and the less extreme will 
be one of the means; the> product of this mean and the 
ratio will be another mean; and so on^ till all the required 
means are found. 

Wben only one mean is required, it is the $quare root 
of the product of the extremes. 

21. Find 3 mean proportionals between 6 and 1280. 
Here the series is to consist of five terms, and the 

extremes are 5 and 1280; hence the ratio is found by the 
fourth problem to be 4; and by the repeated multiplica- 
tion of the least term by the ratio, the means are found 
to be 20, 80, and 320. 

22. Find four mean proportionals between ^ and 2401. 

23. Find five mean proportionals between the num- 
bers, 279936 and 6. 

24. Find a mean proportional between 1 and 2809. 

T 

COMPOUND INTEREST BY SERIES. 

It has been shown in Art. xv, page 107, that com- 
pound interest is that which arises from adding the interest 
to the principal at the end of each year, and taking the 
amount for a new principal. Now, the several amounts 
for the several years form a series of continual proper- . 
tionals; and, to find the amount for any number of years^ 
we may adopt the following — 

RULE. Find the last term bf an increasing series of 
continual proportionals^ whose first term is the principal^ 
whose ratio is the amount of 1 dollar for 1 year, and whose 
number .of terms is the number of years- plus I . The 
last term is the required amount. See Problem 1st.. 

In the examples under this rule, no more than six deci- 
mal places need be included. 

25. What i3 the amount of $ 100, at 6 per cent, 
compound interest, for 4 years ? 
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26. What is the Sunbunt of jiJ75,.at 6 per cent, com- 
pound interest, for 9 years ? 

27. What is the amount of $294, at 4 per cent, com- 
pound interest, for 7 years ? 

28. Find the amount of $18.25^ at 7 per cent, 
compound interest, for 12 years. 

29. Find the amount of $751.30, at 5 per cent, 
compound interest, for 8 yiears. 

30. Find the amount of $4798, at 6 per cent, com- 
pound interest, for 12 years. 

31. What is the amount of $5.14, at 7 per cent, 
compound interest, for 16 years ? What is the interest } 

32. What is the compound interest of $ 1000 for 20 
years, at 6 per cent. ? What is the amount ? 

COMPOUND DISCOUNT. 

Discount corresponding to simple interest has already 
been treated, in Art. xvi; but discount corresponding 
to compound interest is now to be computed. 

On the supposition that money can be let out at com- 
pound interest, the present worth of a debt, payable at a 
future period without interest, is that principal, which, at 
compound interest^ would give an amount equal to the 
debt, at the period when the debt is payable. 

RULE. Find the last term of a decreasing series of 
continual proportionals^ whose first term is the debtj whose 
ratio is, the amount of 1 dollar for 1 year^ and whose 
number of terms is the number of years plus 1 . The l€Ut 
term is the present worth. See Problem 1st. 

33. What principal, at 10 per cent, compound interest, 
will amount, in 4 years, to $8.7846 ? 

34. What is the present worth of $68.40, payable 11 
years hence; allowing discount according to 5 per cent, 
compound interest ? 

35. What is the present worth of $350, payable in 5 
years; allowing discount at the rate of 6 per cent, com- 

' pound interest ? 

36. What is the present worth of $3525, due in 3 
years; discount being allowed as in the last example ? 
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37. How much must be advanced to discharge a debt 
of $700, due in 8 years; discounting at the rat6 of 6 per 
cent, compound interest ? 

38. What is the present worth of j^lOOO, due in 20 
years; discounting at the rate of 6 percent, compound 
interest ? How much is thp discount ? 



XXXIV. 

ANNUITIES. 

An ANKUiTY is a fixed sum of money payable periodi- 
cally, for a certain length of time, or during the life of 
some person, or for ever. 

Although the term annuity, in its proper sense, applies 
only to annual payments, yet payments which are made 
semiannually, quarterly, monthly, &ci, are also called 
annuities. 

Pensions, salaries, and rents, come under the head of 
fflfinuities. Annuities may, however, be purchased by the 
present payment of a sum of money. The party selling 
annuities, is usually ui incorporated trust company, insti- 
tuted and regulated upon principles similar to those of an 
insurance company. The company has an office, called 
an annuity office , where all its business is transacted. 

The present worth of an annuity which is to continue 
for ever, is that sum of money, which would yield an in- 
terest equal to the annuity. But the present worth of an 
annuity which is to terminate, is a sum, which, being put 
on compound interest, would, at the termination of the 
annuity, amount to just as much as the payments of the 
annuity would amount to, provided they should severally 
be put on compound interest, as they became due. 

The sum to be paid for the purchase of a life annuity — 
which is the same as its present worth — depends not only 
upon the rate of interest, but, also upon the probable con- 
tinuance of the life or lives on which the annuity is grant- 
ed. In order to bring data of this kind into numbers, the 
bills of mortality in different places have been examined, 
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and from them, tables have been constructed, which show 
how many persons, upon an average, out of a certain 
number born, are left alive at the end of each year; and 
from these tables others have been constructed, showing 
the expected continuance of human life, at every age, 
according to probabilities. We shall not, however, treat 
the subject of life annuities in this work, and would refer 
readers, who wish to become thoroughly acquainted with 
its theory, to the writings of Simpson, De Moivre, Bai- 
ley, Price, and Milne. 

PROBLEM I. To find the amount of an annuity, which 
has been forbom for a given time. 

Before presenting the rule, let us inquire what would 
be the amount of an annuity of ^ 100, forborn 4 years, 
allowing 5 per cent, compound interest ? The last year's 
payment will, obviously, be $100 without interest; the 
last but one will be the amount of $ 100 for 1 year; the 
last but two will b^ the amount of $100 for 2 years; and 
so on: and the sum of the amounts will be the answer. 
Now the last payment with the amounts for the several 
years, form a series of continual proportionals » We, 
therefore, adopt the following — 

RULE. Find the sum of an increasing series of con- 
tinual proportionals J tehose first term is the annuity^ whose 
ratio is the amount of 1 dollar for 1 year^ and whose 
number of terms is the number of years, , This sum is 
the amount. See Art. xxxiii. Problems 1st and 2nd. 

1. What is the amount of an annuity of $200, which 
has been forborn 14 years; allowing 6 per cent, interest } 

2, What is the amount of an annuity of $ 50, which has 
been forborn 20 years; interest being 5 per cent.? 

S, What is the amount of- an annual rent of $ 1 50, for 
bom 7 years; allowing interest at 5 per cent.? 

4. Ii the annual rent of a house be in arrears 4 years, 
what is the amount, allowing 10 per cent, interest? 

5. Suppose a person, who has a salary of $ 600 a yfear, 
payable quarterly, to allow it to remain unpaid for 3 years, 
how much would be due him; allowing quarterly com* 
pound interest at 6 per cent, per annum ? 

17* 
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6. What is due on a pension of ^ 150 a year, payable 
half-yearly, but forborn 2 years; allowing halfry early com- 
pound interest, at 4^ per cent, per annum ? 

7. What is due on a pension of $300 a year, payable 
quarterly, but forborn 2 J years; allowing quarterly com- 
pound interest^ at 5 per cent, per annum. 

PROBLEM II. To find the present worth of an annuity 
which is to terminate in a given number of years. 

Before giving the rule, let us inquire, what is the pres- 
ent worth of an annuity of $ 100, to continue 4 years, 
allowing 5 per cent, interest .^ The present worth b, 
obviously, a sum, which, at compound interest, would 
produce an amount equal to the amount of the annuity. 
Now we can find the amount of any sum at compound 
interest, by multiplying the sum by the amount of 1 dollar 
for a year, as many tim^s as there are years. Hence, to 
find a sum which will produce a given amount in a given 
time, we must reverse the process, and divide by the 
amount of 1 dollar for the time. Applying this principle 
to the example in question, we find by the m-eceding rule, 
that the amount of the annuity is $431. Then, dividing 
this anaount by the amount of 1 dollar for 4 years, we find 
the present worth to be $354,593 + 

RULE. Find the amount of the annuity as if it Moere in 
arrears for the^whole timej and divide this amount by the 
amount of 1 dollar at compound interest for the same 
time; the quotient will be the present worth. 

8. What is the present worth of an annuity of $500, 
to continue 10 years*; interest being 6 per cent..^ 

0. What is trie present worth of an annuity of $ 80, to 
continue 22 years; interest being 5 per cent..^ 

The operations in this rule being tedious, we introduce, 
upon the next page, a table, showing the present worth 
of $1 annuity, at 4, 5, 6, and 7 per cent., for every 
number of years, from 1 to 30. To find the present 
worth of an annuity by the use of this table, multiply the 
present worth of I dollar for the number of years y by the 
annuity. 
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1 


Y'rs. 


4 per cent. 


5 per cent. 


6 per cent. 


7 per cent. 


1 


.9615 


.9523 


.9433 


' .9345 


O 


1.0860 


1.8594 


1.8333 


1.8080 


3 


2.7750 


2.7232 


2.6730 


2.6243 


4 


3.6298 


3.5459 


3.4651 


3.3872 


5 


4.4518 


4.3294 


4.2123 


4.1001 


6 


6.2421 


5.0756 


4.9173 


4.7665 


7 


6.0020 


5.7863 


5.5823 


5.3892 


8 


6.7327 


6.4632 


6.2097 


5.9712 


9 


7.4353 


7.1078 


6.8016 


6.5152 


10 


8.1109 


7.7217 


7.3600 


7.0235 


11 


8.7605 


'8.3064 


7.8868 


7.4986 


12 


9.3850 


8.3632 


8.3838 


7.9426 


13 


9.9856 


9.3935 


8.8526 


8.3576 


14 


10.5631 


9.8986 


9.2949 


8.7454 


15 


11.1184 


10.3796 


9.7122 


9.1079 


16 


11.6523 


10.8377 


10.1058 


9.4466 


17 


12.1656 


11.2740 


10.4772 


9.7632 


,18 


12.6593 


11.6895 


10.8276 


-10.059 


19 


13.1339 


12.5883 


11.1581 


10.335 


20 


13.5903 


12.4622 


11.4699 


10.594 


21 


14.0291 


12.8211 


11.7640 


10.835 


22 


14.4511 


13.1630 


12.0415 


11.061 


23 


14.8568 


13.4885 


12.3033 


11.272 


24 


15.2469 


13.7986 


12.5503 


11.469 


26 


15.6220 


14.0939 


12.7833 


11.653 


26 


15.9827 


14.3751 


13.0031 


11.825 


27 


16.3295 


14.6430 


13.2105 


11.986 


28 


16.6630 


14.8981 


13.4061 


12.137 . 


29 


16.9837 


16.1410 


13.5907 


12.277 


30 


17.2920 


15.3724 


13.7648 


12.409 

• 



10. What is the present worth of an annuity of $21.54, 
for 7 years; interest being 6 per cent..^ 

11. What is the present worth of an annuity of % 936, 
for 20 years, at 5 per cent* } . 

12. What is the present worth of an annuity of $258, 
for 17 years, at 4 per cent..^ 
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13. Find the present worth of an annuity of $796.50, 
to continue 28 years; interest bebg 7 per cent.? 

14. A young man purchases a farm for $924; and 
agrees to pay for it in the course of 7 years, paying ^ 
part of the price at the end of each yeac Allowing inter- 
est to be 6 per cent., how much cash in advance will 
pay the debt ? 

15. Allowing interest to be 5 per cent., which will be 
in my favor, to pay $ 15 a year for 10 years, or, to pay 
^ 1 60 in advance ? — by how much ? 

When an annuity does not commence until a given 
time has elapsed, or some particular event has taken place, 
it is called a reversion. 

PROBLEM III. To find the present worth of an annuity 
in reversion. 

RULE. Find, (by Problem 2nd.), the present valtie of 
the annuity from the present time till the end of the period 
of its continuance: find, also, its value for the time be- 
fore it is to commence: the difference of these two results 
toill be the present worth. 

16. What is the present worth of an annuity of $200, 
to be continued 7 years, but not to commence till 2 years 
hence; interest being 6 per cent.? 

17. Find the present worth of a reversion of $152 a 
year, to commence in 6 years, and to continue 18 years; 
interest being 4 per cent. 

18. What is the present worth of a reversion of $75 
a year, to commence in 5 years', and to continue 24 
years; interest being 6 per cent.? 

19. What must be paid for the purchase of a reversion 
of $450 a year, to commence in 5 years, and to continue 
13 years; interest being 5 per cent.? 

20. Find the present worth of a reversion of $942.30 
a year, to commence in 2 years, and to continue 1 1 
years; interest being 7 per cent. 

21. A father leaves to his son, a rent of $310 per 
annum, for 8 years, and, the reversion of the same rent 
to his daughter for 14 years thereafter. What is the 
present worth of the legacy of each ? 
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22. What is the present worth of a reversion of ^ 100 
a year, to commence in 4 years, and to'cpntinue forever; 
interest being 6 per cent. } 

This annuity continuing for ever, will, when it com- 
mences, be worth that sum of money which would yield 
$ 100 a year, at 6 per cent, interest. Therefore, after 
finding the principal, whose interest is $ 100 per annum, 
deduct from it a compound discount for 4 years; the re- 
mainder wiJl be the present worth. 

23. What is the present worth of a reversion of $824 
a year to commence in 7 years, and to continue for ever; 
interest being 5 per cent. ? 

24. What is the present worth of a reversion of $ 530 
a year, to commence in 22 years, and to continue for ever; 
mterest 7 per cent. ? 

26. How much must be paid, at present, for a share 
in a fund, which, after the lapse of 20 years, will yield 
an income of JSS400 a year; interest 6 per cent,? 

26. How much must be paid, at present, for the title 
to an annuity of $ 1000, to commence in 40 years; inter-* 
est being 6 per cent. ? 



XXXV. 

ALLIGATION. 

Alligation relates to finding the mean value of a mix- 
ture composed of several ingredients of difterent values, 
and is considered under two heads, viz. Alligation Medial, 
and Alligation Alternate. 

ALLIGATION MEDIAL. 

We rank under thq head of Alligation medial, those 
question^, in which the several ingredients and their re- 
spective values are given, and the mean value of the 
compound is required. 

For example, a wine merchant bought several kinds of 
wine, as follows; 160 gallons at 40 cents per gallon; 75 
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gallons at 60 cents per gallon; 225 gallons at 48 cents 
per gallon; 40 gallons at 85 cents per gallon; and mixed 
them together. It is required to find the cost of a gallon 
of the mixture. 

Now, if we find the whole cost of the several kinds 
of wine, and divide it by the whole number of gallons, it 
is evident, that the quotient will be the cost of a single 
gallon of die mixture. 

160 gallons, at 40 cents per gal., cost $ 64.00 

. 75 gallons, at 60 cents per gal., cost ^ 45.00 

^ 225 gallons, at 48 cents per gal., cost ^ 108.00 

40 gallons, at 85 cents per gal., cost ^ 35.00 

500 the whole number of gallons, cost $252.00 
$252.00-7- 500 =.504, or 5 cents and 4 mills. 

Therefore, to find the mean vakie of a compound, 
composed of several ingredients, of difi^erent Values, we 
give the following 

RULE. Find the value of each ingredient^ add these 
values together^ and divide their sum by the sum of the 
ingredients. The quotient is the mean value. 

1 . A farmer mixed together 5 bushels of rye worth 70 
cents a bushel, and 10 bushels of corn worth 60 cents a 
biishel, and 5 bushels of wheat worth $1.10 a bushel. 
What is a bushel of the mixture worth ? 

2. A grocer mixed together 38 lb. of tea at 50 cents'*!! 
pound, 15^ lb. at 80 cents, 12^ lb. at 60 cents, 8f lb. at 
96 cents, 77^ lb. at 32 cents, and sold the mixture at a 
profit of 20 per cent. At what price per pound did he 
sell it ? 

3. A goldsmith melts together 11 ounces of gold 23 
carats fine, 8 ounces 21^ carats fine, 6 ounqes of pure 
gold, and 2 ounces of alloy. How many carats fine is 
the mixture ? 

We remark, that a carat is a 24th part. Thus, 23 
carats fine, means || of pure metal. Pure gold is |-J. 
Alloy is considered of no value. 

4. On a certain day, the mercury in the thermometer 
was observed to stand, 2 hours at 60 degrees, 3 hours at 
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62°, 4 hours at 64°, 3 hours at 67°, 1 hour at 72°, and 
1 hoiu" at 75°. What was the mean temperature for that 
day? 

5. A dealer bought 24^ gallons of sirop at 34 cents a 
gallon, and 24^ gallons at 38 cents a gallon, and mixed 
both quantities and 14 gallons of water together, and sold 
the mixture at a profit of 50 per cent. At what price per 
gallon did he sell it ? 

6. A goldsmith melts together 3 ounces of gold 18 
carats fine, 2 ounces 21 carats fine, and 1 ounce of pure 
gold. What is the fineness of the compound ? 



ALLIGATION ALTERNATE, 

Under the head of Alligation Alternate are included 
those questions, in which the respective rates of the dif- 
ferent mgredients are given, to compose a mixture of a 
fixed rate. It is the reverse' of Alligation Medial, and 
may be proved by it. 

if we would find what quantities of two ingredients, 
different in value, would be required to make a com- 
pound of a fixed value, it is evident, that, when the value 
of the required compound exceeds that of on(& ingredient 
just as much as it falls short of the valu6 of the other, 
we must take equal quantities of the ingredients to make 
the compound; because there is just as much lost on the 
one, as is gained on the other. 

If the value of the compound exceeds th^t of one in- 
gredient twice as much as it falls short of the value of the 
other, we miist take of the ingredients in the ratio of ^ to 
\y or 1 to 2. For instance, if we would mix wines, at 
4 dollars and 1 dollar a gallon, in such proportion that 
the mixture should be worth 2 dollars a gallon^ we ipust 
take 1 gallon at 4 dollars to 2 gallons at 1 dollar; because 
there is just as much Ipst on 1 gallon at 4 dollars, as is 
gained on 2 callous at 1 dollar. 

If we would mix wines, at 6 dollars and 2 dollars a 
gallon, in such proportion as would make the mixture 
worth 3 dollars a gallon, we should take of the two kinds 
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in the ratio of ^ to ^, or 1 to 3; for, m this instance, 
ther^ is as much lost on 1 gallon at 6 dollars, as is gained 
on 3 gallons at 2 dollars. 

We see by the preceding ratios, that the near6r the 
value of the mixture is to that of one of the ingredients, 
the greater must be the relative quantity of this ingredi- 
ent, in forming the compound; and the farther the value 
of the mixture is from that of one of the~ingredients, the 
less must be the relative quantity of this ingredient in 
making the compound. 
* Hence, if we make the difference between the rate of 
each ingredient and that of the compound, the denomina- 
tor of a fractioa having 1 for its numerator, these fracuons 
express the ratio of the ingredients required to make the 
compound; and, when these fractions are reduced to a 
common denominator, the numerators express the requir- 
ed ratio of the ingredients. 

If, for example, it be required to mix gold of 12 carats 
fine with gold of 22 carats fine, in such proportion that 
the mixture may be 18 carats fine, we can ascertain the 
proportion of each kind in the following manner. The 
difference between 18 and 12 is 6; making 6 the de- 
nominator of a fraction with 1 for its numerator, we have 
the fraction ^; taking the difference between 18 and 22, 
we in like manner obtain the fraction -\] therefore, the 
fractions, j arid ^, express the required proportion of 
each sort of gold. These fractions, when reduced to a 
common denominator, are ^\ and ^\, and the numerators 
express the required proportion of each sort. Therefore, 
we must take 4 grains of 12 carats fine, and 6 grains of 
22 carats fine; or, in that ratio. 

If, for a second example, we would make a mixture 
18 carats fine from gold of 15 carats and 20 carats fine, 
we should, in the same manner, obtain the fractions, f 
and f , to express^the required proportion of the two sorts 
of gold; consequently, in this instance, we should take 
2 grains of 15 carats fine, and 3 grains of 20 carats fine. 

Therefore, since the fineness of the compound is the 
same in both the preceding examples, if we would make 
a compound 18 carats fine, from the four kinds of gold 
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mentioned in the two examples, we should take 4 grains 
of 12 carats, 6 grains of 22 carats, 2 grains of 15 carats, 
and 3 grains of '20 carats fine. 

Now, these results may be readilj obtained by writing 
the rates of the given simples one under another, in reg- 
ular order, beginning either with the least or greatest, and 
alligatinc one of a less with one of a greater rate than that 
of the compound, and writing the difference between 
the rate of each simple and the rate of the compound, 
against the rate of the simple with which it is alligated. 



Thus, 



18 



4 grains 12 carats fine 

2 " 15 

3 " 20 
6 " 22 

We may connect the rates of the simples differently, 
and obtain equally correct, but different results. 



12 
15— 
20— 
22— 






a 






Thus, 



18 



12— 
15— 
20— 
22— 



2 
4 
6 
3 



It must be observed, that the two simples Imked to- 
gether, must always be one of a less, and the other of a 
greater rate, than the rate of the compound. 

By connecting a less rate with a greater, and placing 
the differences between them and the mixture rate alter- 
nately, the gain on the one is precisely balanced by the 
loss on the other. This being true of every two, it is 
true of all the simples in the question, /whatever may be 
their number. 

It is obvious, that a question in Alligation Medial admits 
of a great variety of answers, all agreeing with the requi- 
sition of the question; for we may variously alligate the 
values of the ingredients, and thus obtain various results, 
all of which will be correct; and we may add all these 
together, and the results will be correct answers. We may 
also multiply, or divide the quantities found; for, if Iwo 
quantities of two simples make a balance of loss and gain 
in relation to the value of the compound, so must also the 
double or treble, the half or third part, or any other ratio 
of the quantities. 

18 
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We shall give the questions in Alligation Alternate 
under four cases. 

CASE I. The ratios of the several ingredients being 
given, to make a compound of a fixed rate. 

RULE. First — Write the rates of the several ingredients 
in a column under one another. 

2dly — Connect with a continued line the rate of each 
ingredient less than the rate of the compound^ loith one or 
more rates greater than the rate of the compound; and 
each of a greater rate than the rcUe of the compound with 
one or more of a less rate. 

3dly — Write the difference between the rate of each in^ 
gredient and the rate of the compound, opposite the rate 
of the ingredient with which it is connected, 

4thl7 — If only one difference stand against any rate^ 
it will be the required quantity of the ingredient of that 
rate; but, if there be several^ their sum will be the quati" 
tity required. 

7. A goldsmith has gold of 17, 18, andl^ carats fine, 
and also pure gold. What proportion tnekch sort must 
be take, to compose a mixture 21 carats fine ? 

Si Having gold of 12, 16, 17, and 22 carats fine, what 
proportion of each kind must I take, to make a compound 
18 carats fine ? 

9. A merchant has spices at 30, 33, 67, and 86 cents 
a pound. How much of each sort must he take, to make 
a mixture woi'th 56 'cents a pound ? 

10. A wine merchant has Canary wine at 50 cents a 
gallon, Sherry at 76 cents, and Claret at 175 cents per 
gallon. How much of each sort must he take, to make a 
mixture worth 87 cents a gallon ? 

11. A goldsmith wishes to mix gold of 16, 18, 19, 
and 23 carats fine, with pure gold, in such proportions 
that the composition may be 20 carats fine. What quan- 
tity of each must he take ? 

12. It is required to mix different sorts of wine, at 56, 
62, and 75 cents per gallon, with water, in such propor- 
tions that the mixture may be worth 60 cents a gallon. 
How much of each must be taken f 
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13. How much com at 52 cents a bushel, rye at 56 
cents, wheat at 90 cents, and wheat at 1 dollar a bushel, 
must be mixed together, that the composition may be 
worth 62 cents a bushel ? 

14. A silversmith wishes to mix alloy with silver of 
10, and 7 ounces fine, and pure silver, in such proportion 
that the mass may be 9 ounces fine: 12ozs. fine being 
pure. How much of each must he take ? 

CASE II. When one of the ingredients is limited to a 
certain quantity. 

RULE. Find the quantity of each ingredient^ as in 
Case 1st. in the same manner^ as though no such limitation 
were made; then as the difference - against that simple j 
uhose quantity is giveuy is to each of the other differences^ 
so is the given quantity of that simple to the quantity re- 
quired of each of the other simples. 

1$. A trader has 90 pounds of tea worth 40 cents a 
pound, which he would mix with some at 50 cents, some 
at 85 cents, and some at 90 cents. How much of each of 
the other sorts must he mix with the 90 pounds, to make 
a mixture worth 60 cents a pound f 



First solution. 



Second solution'. 



60 



40- 



50— 

85— 
90- 



30 
25 
10 
20 
90 : 



60 



75 
30 
60 



thus 30 : 25 = 

30 : 10=90 

30 : 20=90 

^ns. 75 lb. at 50 cents, 

301b. at 85 cents, and 

60 pounds at 90 cents. 



40 — 
50— 
85— 
90— 



25 
30 
20 
10 



108 
72 
36 



thus 25 : 30=90 

25 : 20=90 

25 : 10=90 
Ans. 1081b. at50cents^ 
721b. at 85 cents, and 
36 pounds at 90 cents. 



16. A farmer wishes to mix corn at 54 cents a bushel, 
rye at 61 cents a bushel, and wheat at 96 cents a bushel, 
with 3 bushels of wheat worth 1 dollar and 10 cents a 
bushel. How much of each of the other thr«e must be 
mixed with the 3 bushels of wheat at 1 dollar and 10 cents 
a bushel, that the mixture may be worth 75 cehts a 
bushel ? 
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17. How much gold of 16, 20, and 24 carats fine, and 
how much alloy, must be mixed with 10 ounces of 18 
carats fine, that the composition may be 22 carats fine ? 

18. How much silver of 6.5 ounces fine, and of 10.6 
ounces fine, and alloy, must be mixed with 17.1 ounces 
of pure silver, that the mass may be 9.5 oz. fine ? 

It must be observed, that pure silver is 12 ounces fine. 

CASE III. When two. or more of the ingredients are 
limited in quantity. 

RULE. Find^ as in Alligation Mediate tohat will be the 
rate of a mixture made of the given quantities of the lim- 
ited ingredients only^; then consider this as the rate of a 
limited ingredient^ tohose quantity is the sum of the quan- 
tities of the limited ingredients j from which^ and the rates 
of the unlimited ingredients^ proceed to calculate the 
several quantities required j as in Case ii. 

19. I have 18 gallons of wine at 48 cents a gallon, 8 
gallons at 52 cents, and 4 gallons at 85 cents, and would 
mix the whole with two other kinds of wine, one at a 
dollar and 26 cents, the other at 2^ dollars and 12 cents 
a gallon. How much of the wine at a dollar and 26 cents^ 
and of that at 2 dollars and 12 cents, must I mix with the 
other three, that the mixture may be worth a dollar a 
gallon } 

18gal. at .48 come to $8.64 
8gal. at .52 ." 4.16 
4 gal , at .85 " 3.40 

The 30 gal. come to $16.20, which is .54 a gallon. 

54 cents a gallon being the mean value of the 30 gallons, 
contained in the three kinds that are limited, I must now 
inquire how much of each of the other two sorts of wine 
at 1 dollar 26 cents, and 2 dollars 12 cents, must be 
mixed with 30 gallons at 54 cents a gallon, to make a 
mixture worth one dollar a gallon. 

54^ 26 + 112=138 



100 



126- 
212— 



- 46 

- 46 



gal. gal. gal. gal. 

Now as 133 : 46 = 30 : 10 



k 
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Therefore, I muki take 10 gallons each of the two 
sorts, which are worth 1 dollar 26 cents, and Q dollars 12 
cents a gallon. 

20. How much gold. of 14 and 16 carats fine must be 
mixed with 6 ounces of 19, and 12 oz. of 22 carats fine, 
that the composition may be 20 carats fine ? 

21. A silversmith has silver of 6, 7, and 9 ounces fine, 
which he wishes to mix with 9 ounces of 10 ounces fine, 
and 9 ounces of pure silver, to make a. mass, that shall 
be 8 ounces fine. How much of each of the three first 
must he take ? 

22. A lady purchases 7 yards of calico at 22 cents a 
yard, and 7 yards at 20 cents a yard, and wishes to J^now 
how many yards of two other kinds,^ one at 16 cents and 
the other at 17 cents a yard, she must purchase, to make 
the average price of the whole 18 cents a yard. Find 
the two quantities. 

CASE IV. When the whole compound is limited to a 
certain quantity. 

RULE. Find an answer ^ as in Case i, by alligating; 
then^ as the sum of the quantities thus founds is to the 

fiven quantity^ so is the quantity of each ingredient found 
y alligating^ to the required quantity of it. 

23. A goldsmith has gold oi 15, 17, 20, and 22 carats 
fine; and would melt togetKer of all these sorts so much, 
as to make a mass of 40 ounces 18 carats fine. How much 
of each sort is required ? 



18 



15 


4 


17— 


2 


20— 


1 


22 


3 


' 


10 


. 


10 




10 




10 



Or thus 



18 



15— 
17— 
20— 
22- 



40=4 
40=2 
40=1 
40=3 



16 
8 
4 

12 



2 

4 

3 

J_ 

10 
10 
10 
10 



40=2 
40=4 
40=3 
40=1 



8 
16 
12 

4 



Ans: 16oz. of 15; 8oz. of 17; 4oz. of 20; and 12oz. 
of 22 carats fine. 

24. Havmg three sorts of raisins at 9, 12, and 18 cents 

18* 
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a pound, what quantity of each sort must I take, to fill 
a cask containing 210 pounds, that its contents may be 
worth 14 cents a pound ? 

25. Of four different kinds of apples at 31, 37, 46, and 
74 cents a bushel,' what quantity of each must be taken, 
to fill, a bin containing 9 bushels, to make its contents 
worth 60 cents a bushel ? 



XXXVI. 
PERMUTATIONS. 



• 



Permutation — ^which is also called variation — means 
the diflferent ways in which the order or relative position 
of any given number of things may be changed. The 
only object to be regarded in Permutation, is the order in 
which the things are placed; for no two arrangements are 
to have all the qipntities in the same relative position. 

For example, two things, a, and b, are capable of only 
two changes in their relative position, viz. ab, ba; and 
this number of changes is expressed by 1X2; but three 
things, a, b, and c, are capable of six variations, viz. 
a b c, a c b, b a c, b c a, c a b, c b a, and this number 
of permutations is expressed by 1X2X3; and four things, 
a, b, c, and d, are capable of 24 v^ations, viz. abed, 
abdc, acbd, a c.d b, adbc, adcb; bacd, ba 
d c, b c a d, b c d a, b d a c, b d c a; c a b d, c a d b, 
c b a d, c b d a, c d a b, c d b a; d a b c, d a c b, d b 
a c, d b c a, d c a b, d c b a; and this number of per- 
mutations is expressed by 1X2X3X4. 

In like manner, when there are 5 things, every four of 
them, leaving out the 5th, will have 24 variations; con- 
sequently by taking in the 5th, there will be 6 times 24 
variations. 

PROBLEM I. To find the number of permutations that 
can be made of any given nunaber of things, all different 
from each other. 

^ 

RULE. MulHply the terms of the natural series of 
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ntfm6er5, from 1 t«p to the given number of things^ con- 
tinually together^ and the product will be tht answer. 

1. How many changes can be made in the order of 
the six letters, a b c d e f ? 

2. How many changes may be rung on seven bells? 

3. Five gentlemen agreed to board together, as long 
as they could seat themselves every day in a different 
position at the dinner table. How long did they board 
together } 

4. How many changes may be made in the order of 
the words in the following verse } Proci tot tibi sunt, 
virgo, quot sidera coelo. 

6. How many different sums of dollars can be expres- 
sed by the nine digits, without using any one of them more 
than once in the same sum ? 

6. How many different arrangements may be made in 
seating a class of 20 scholars } 

7. A gentleman, who had a wife and eight daughters, 
one day said to his wife, that he intended to arrange the 
family in a different order every day at the dinner table, 
and that he would never give one of his daughters in 
marriage, till he had completed all the different arrange- 
ments of which the family was capable. How many years 
from that day must elapse, before either of his daughters 
can be married } 

When several of the things are of one sort, and several 
of another, &c. the changes that can be made upon the 
whole is not so great, as when all the things are different. 
For instance, we have seen that the letters a b c admit 
of six variations; but, if two of the quantities be alike, as 
a a b, the six variations are reduced to three, a a b, b a a, 

aba, which may be expressed by -pxT"* We have also 

seen that the letters abed admit ef 24 variations; but 
if we have a a b b, the 24 variations arel-educed to six, 
viz. aabb, abba, aba b, bbaa, baab, baba, 
and this number of variations may be expressed by 

Txaxixg ' Hence, we have, as follows, — 
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PROBLEM II. To find the number of changes that may 
be made in the arrangement of a given number of things, 
whereof there are several things of one sort, several of 
another, &c. 

RULE. Take the ruUural series of numbers from 1 up 
to the given number of things, as if they were all differ- 
ent , and find the product of the terms. 

Then take the ncUural series from 1 up to the number 
of similar things of one sort, and the > same series up to 
the number of similar things of a second sort, 4^c., and 
divide the first product by the joint product of all these 
series, and the quotient will be the answer, 

8. Find how many changes can be made in the order 
of the letters a a a b b c 

If the letters in this question were all different, they 
would admit of 1X2X3X4X5X6=720 variations; but 
since a is found 3 times, we must divide tfa^at number of 
variations by 1X2X3; and, since b occurs twice, we must 
again divide by 1X2; therefore the number of variations 

9. How many changes can be made in the order of 
the letters aaabbbbccdeie.^ 

10. How many variations may take place in the suc- 
cession of the following musical notes, fa, fa, fa, sol, sol, 
la, mi, fa.^ 

1 1 . How many whole numbers can you make out of 
the number 1220055055, using all the figures each time.^ 

12. How many variations can be made in the order 
of the figures in the number 97298279289 ? 

PROBLEM III. Any number of different things being 
given, to find how many changes can be made out of them, 
by taking a given number of the things at a time. 

RULE. Take a series of numbers commencing with the 
given number of things and decreasing by 1, till the 
number of terms is equal to the number of things to be 
taken at a time, and the product of all the terms of this 
series will be the answer. 

To illustrate the rule, we will take the four letters 
a b c d, and find the number of variations that can be 
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made upon them, by taking two at a time. In the first 
place, we will write the tetter a on the left hand of each 
of the other letters, and the variations will be three, viz. 
a b, a c, a d; we will do the same with each of the other 
letters, thus, b a, b c, b d; c a, c b, c d; d a, d b, d c. 
Now we have all the changes that can be made upon the 
four letters, takbgtwoat a time, and they are 4X3=12. 
We will also find, in the same manner, how, many 
changes can be made on the same four letters, by taking 
three at a time; writing a on the left, thus, a b c, a b d; 
a c b, a c d; a d b, a d c, we have 3X2 = 6 variations. 
Now, since each of the letters is to be written in the same 
manner on the left, we shall have four such classes of 
variations, and the whole number will be 4X3X2=24 
variations. 

13. How many changes can be made upon the letters 
a b c d e f, by taking three at a time ? 

14. How many difierent whole numbers can be ex- 
pressed by the nine digits, by using two at a time ? 

15. How many different whole numbers can be ex- 
pressed by the nine digits, by using four at a time ? 

16. How many different numbers can you express 
with the nine digits and a cipher, by using five at a time ? 



XXXVIL 

COMBINATIONS. 

Combination consists in taking a less number of things 
out of a greater without any regard to the order in which 
they stand. This is sometimes called Election or Choice. 

No two combinations can have the same quantities; for 
instance, the quantities, a and 6, admit of only one com- 
bination, because a b and b a are composed of the same 
quantities; but, if a third quantity c be added, we can 
make three combinations of two quantities out of them, 
because the third quantity c may be added to each of the 
two former, thus, a b, a c, b c; this number of combina- 
tions may be expressed by j^. If we add a fourth letter, 
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d, we can make six combinations of two letters out of the 
four, since the new quantity d^ may be combined with 
each of the former ones; thus, a b, a c, b c, a d, b d, 
c d; and this number of combinations may be expressed 

bv^ 

"J 1X2- 

If we would make a combination of four, it is evident 
that only one such combination can be made out of the 
letters abed; but if a fifth letter, e, be added, we can 
make five such combinations; thus,* abed, a b c e, 
abed, aecd, bed e; and this number of combina- 
tions may be expressed by ix2x3x4 ' 

PROBLEM I. To find the number of combinations fi'om 
any given number of things, all diflferent from each other, 
taking a given number at a time. 

RULE. Take a series of numbers^ the first term of which 
is equal to the number of things out of which the combi' 
nations are to be madcy and decreasing by 1, till the num- 
ber of terms is equal to the number of things to be taken 
at a timCj and find the product of all the terms. 

Then take the natural series 1, 2, 3, 4^c. up to the 
number of things to be taken at a time^ and find the pro- 
duct of all the terms of this series. 

Divide the former product by the latter^ and the quo- 
tient will be the answer, 

1. How many combinations of 3 letters can be made 
out of the 6 letters a b c d e f .^ 

2. How many diflerent yoke of oxen may be selected 
from twelve oxen } 

3. How many different span of horses can be selected 
from eighteen horses } 

4. A drover agreed with a farmer for a dozen sheep, 
to be selected out of a flock of two dozen; but while he 
was making the selection, the farmer told him, he might 
take the whole flock, if he would give . him a cent for 
every different dozen that could be selected from it. To 
this the drover readily agreed. How many dollars did 
the whole flock come to, at that rate } 

5. A general, who had often been successful in war, 
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was asked by his king, what reward he should confer upon 
him for his services. The general only desired a farthing 
for every file, of 10 men in a file, which he could make 
with a body of 100 men. How much did the general's 
modest request amount to i 

PROBLEM II. To find the various combinations of a 
given number of things, which may be made out af an 
equal number of sets of different things, one from each 
set. 

RULE. Multiply the number of things in the several 
sets continually together^ and the product will be the 
answer, 

A combination of this kind is . called the composition 
of quantities. The rule may be illustrated thus. If there 
are only two sets, and we combine every quantity of one 
set with every quantity of the other set, we shall make 
all the compositions of twa things in these two sets; and 
the number of compositions is • evidently the product of 
the number of things in one set by the number of things 
in the other set. Again, if there are three sets, then the 
compositions of two in any two of the sets, being com- 
bined with every quantity of the third set, will n^e all 
the compositions of three in the three sets. That is, the 
compositions of two in any two of the sets, being multi- 
plied by the number of things in the third set, will give 
all the compositions of three in the tliree sets; and this 
lesult is the joint product of. all the numbers in the three 
sets. 

6. Suppose there are four companies, m each of which 
there are 9 men; in how many ways can 4 men be chosen, 
one out of each company ? 

7. Suppose there are five parties, at one of which 
there are 6 young ladies, at another 8, €it a third 5, at a 
fourth 7, at a fifth 10. How many choices are there, in 
selecting 5 young ladies, one from each party .^ 

8. How many changes are there in throwing four 
dice, each die having six sides f 

9. A certain farmer has 5 barns, in one of which he 
has 15 cows, in another 11, in another 5, in another 9, 
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and in another 7. * How many different selections may 
be made, in choosing 5 cows, one from eacl^ bam ? 

10; How many variations can be made in selecting a 
flock of a dozen sheep from 12 folds, one from every 
fold, in each of which there are 10 sheep ? 

11. In a certain^ school there are seven classes, the 
first containing 12 boys, the second 7, the third 9, the 
fourth 10, the fifth 11, die sixth 8, and the seventh 13. 
How many variations can be made in selecting 7 boys, 
one from each class ? 



XXXVIII. 
EXCHANGE. 

Sdiohms, who vte to prosecute a course of damical studies, aod those, 
who are not expected to engage in any exteosive mercantile business, may 
omit the exercises in tliis article. 

Exchange is the act of paying or receiving the money 
of one country for its equivalent in the money of another 
country, by means of Bills of Exchange. This operation, 
therefore, comprehends both the reduction of moneys 
and the negotiation of bills; it determines the comparative 
value of the currencies x>i different nations, and shows how 
foreign debts are discharged, and remittances made from 
one country to another, without the risk, trouble, or 
expense of transporting specie or bullion. 

A Bill of Exchange is a written order for the payment 
of a certain sum of mon'^y, at an appointed time. It is 
a mercantile contract, in which four persons are mostly 
concerned, as follows. 

First — The Drawer ^ who receives the value, and is also 
called the maker and seller of the Bill. 

Second — The debtor in a distant place, upon whom the 
Bill is drawn, and who is called the Drawee. He also is 
called the Acceptor^ after he accepts the Bill, which is an 
engagement to pay it when due. 

Third — ^The person who gives the value for the Bill, 
who is caUed the Buyer ^ Taker and Remitter. 
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. Fourth — The person to whom the bill is ordered to be 
paid, who is called the Payee^ and who may, by endorse- 
ment, pass it to any other person,. 

Many mercantile payments are made in Bills of Ex- 
change, which pass from hand to hand, until due, like 
any other circulating medium ; and the person who at any 
time has a Bill in his possession, is called the holder. 

Tc> transfer a Bill payable to order, the payee should 
express his order of paying to another person, which is 
always done by an endorsement on the back of the Bill. 

An endorsement may be blank or special* A blank 
endorsement consists only of the endorser's name, and 
the Bill then becomes transferable by simple delivery. 
A special endorsement orders the money to be paid to a 
particular person, who is called the endorsee^ who must 
also endorse the Bill, if he negotiates it. A blank en- 
dorsement may always be filled up with any person's 
name, so as to make it special. Any person may endorse 
a Bill, and every endorser, as well as the acceptor, is a 
security for the Bill, and may be sued for payment. 

In reckoning when a Bill, payable after date^ becomes 
due, the day on which it is dated, is rfbt included. When 
the time b expressed in months, calendar months are un- 
derstood; and when a month is longer than the succeed- 
ing, it is a rule not to go, in the computation, into a third 
month. Thus, if a Bill be dated the 28th, 29th, 30th, 
or 31st, of January, and payable one month after date, 
the term equally expires on the last day of February. 

Ad endorsement may take place at any time after the 
Bill is issued, even after the day of payment is elapsed. 

When the holder of a Bill dies, his executors may en- 
dorse it; but, by so doing, they become answerable to 
their endorsee personally, and not as executors. 

A Bill payable to- bearer is transferred by simple deliv- 
ery, without any endorsement. 

Bills should be presented for acceptance, as well as 
for payment, during the usual hours 01 business. 

The common way of accepting a Bill is for the drawee 
to write his name at the bottom or across the body of 
it, with the word, accepted. 

19 
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When acceptance or payment has been refused, the 
Holder of the Bill should give regular and immediate 
notice to all the parties, to whom he*intends to resort for 
payment; for if he do not, they will not be liable to pay. . 

With respect to the manner, in which notices of non- 
acceptance or non-payment are to be given, a difference 
exists between Inland and Foreign Bills. 

In the case of Foreign Bills, a Protest is indispensa- 
bly necessary: thus, a Public Notary appears with the 
BiU, and demands either acceptance or payment (as the 
case may be;) and on being refused, he ch^ws up an in- 
strument, called a Protest, expressing that acceptance. or 
payment (as the case may be) has been demanded and 
refused, and that the holder of the Bill intends to recover 
any damages which he may sustain in consequence. This 
instrument is admitted, in foreign countries, as a legal 
proof of the fact. 

The Protest on a Foreign Bill should be sent as soon 
as possible, to the drawer or negotiator; and if it be for 
non-payment, the Bill must 'be sent with the Protest. 

A Protest is not absolutely necessary to entitle the 
holder to recover the amount of an Inland Bill from the 
drawer or endorser: it is sufficient if he give notice, by 
letter or otherwise, that acceptance or payment (as the 
case may be) has been refused, and that he does not 
mean to give credit to the drawee. 

If the person, who is to accept, has absconded, or 
cannot be found at the place mentioned in the Bill, Pro- 
test is to be made, and notice given, in the same manner 
as if acceptance had been refused. 

It is customary, as a precaution against accident or 
miscarriage, to draw three copies of a Foreign Bill, and to 
send them by different conveyances. They are denomi- 
nated the First J Second j and Third of Exchange; and 
when any one of them is paid, the rest become void. 

When acceptance is refused, and the Bill is returned 
by Protest, an action may be commenced immediately 
against the Drawer^ though the regular time of payment 
be not arrived. His debt, in such case, is considered 
as contracted the moment the Bill is drawn. 
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. FORM OF A BILL OF EXCHANGE. 

KtyjD York^ JVor. 4, 1834. 
Exchange /or £3000 sterling. 

Jit thirty days sight of tfiis^ my first of Exthangt^ 
{second and third of the same tenor and date not paid)^ 
pay to Robert .AT. Foster, or order, Three Thousand 
Pounds Sterling, viith or without further advice from me, 

Edwin D. Harfer. 
Messrs. Knox and Farnham, 
Merchants, London. 

Inland Exchange relates only to remitting Bills from 
one commercial place to another in the same country;" by 
which means debts are discharged more conveniently than 
by cash remittances. 

Suppose, for example, A of New Orleans is creditor 
to B of Boston 1000 dollars, and C of New Orleans is 
debtor to D of Boston lOpo, dollars; both these debts 
may be discharged by means of one Bill. Thus, A draws 
for this sum on B, and sells his Bill to C, who remits it 
to D, and the latter receives the amount, when due, from 
B. Thus, by a transfer of claims, the New Orleans 
debtor pays the New Orleans creditpr, and the Boston 
debtor the Boston creditor, and no money is sent from 
one place to the other. This business is usually con- 
ducted through the medium of Banks, which are in the 
habit of buying both foreign and inland Bills of exchange, 
and transmitting them to the places on which they are 
drawn for acceptance. 

Inland Bills of Exchange are sometimes called Drafts; 
and the following short form of the instrument is adopted. 



$ 560^^^ Boston, Dec. 8, 1834. 

Three months after date, pay to the order of 
Charles S. Hooper, Five hundred dollars 50 cents, value 
received, and charge the same to account of 

Hannum & LORINO. 

To Stephen Frothingham, 
Merchant, Norfolk. 
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Some explanatioQ of mercantile language used in rela- 
tion to Bills of Hxchange seems necessary, that the 
learner may have a clear idea of the questions, which will 
be given for practice. 

When a merchant in the United States draws on his 
banker in London, his draft is styled " Bill on London" 
or '' United States on London;" and if he sells his Bill 
at more than a dollar for 54 d. sterling, the exchange is 
said to be above par; and if he sells at less than a dollar 
for 54(1. sterling, below par: if a jnaerchant in London 
draws on his banker in the United States, his draft is 
styled " London on United States;" and if he sells his 
Bill at more than 54 d. sterling for the dollar, the exchange 
is said to be above par; and if he sells at less than 54 d. 
sterling for the dollar, below par. 

If the merchant in London draws on his bankei* in Paris, 
it is " London on Paris," or " London on France." If 
the merchant in Charleston, S. C. draws on his banker in 
, New York, it is "Charleston on New York." &c. 

« 

GREAT BRITAIN. 

In Great Britain, accounts are kept in pounds, shillings, 
pence, and farthings, Sterling, 

The par value of the United States dollar is 4 s. 6d. 
sterling; therefore, the dollar is equal to ^ of a pound 
sterling. Hence, any sum of sterling money, (the shil- 
lings and pence, if any, being expressed in a decimal,) 
may be reduced to Federal money, by multiplying by 40 
and dividing by 9: and, any sum in Federal money may 
be reduced to sterling money, by multiplying by 9 and 
dividing by 40. Or, if sterling money be increased by 
\ of itself, the sum expresses the same value in the old 
currency of New England: and, conversely, if the old 
currency of New England, be decreased by \ of itself, 
the result is the expression in sterling money. 

1. United States on London. Reduce £784 14 s. 
10^ d. sterling to Federal money, at par. 

2. London on United States. Reduce 3487 dollars 
75 cents to sterling, at par. 
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3. United States on London. Reduce £2006 lis. 
sterling to Federal money; exchange at 4 per cent, below 
par. 

4. London on United States. Reduce 4287 dollars 
50 cents to sterling; exchange at 4 per cent, above par. 

5. London on United States. Reduce 3646 dollars 
50 cents to sterling; exchange at 2 per cent, below par. 

6. United States on London: Reduce £4109 lis. 
lOd. sterling to United States currency; exchange at 7 
per cent, above par. 

7. United States on London. Reduce £51^9 15s. 
6d. sterling to Federal money; exchange at 5 per cent, 
above par. 

The law assimilating the currency of Ireland to that of 
England, took effect in January 1826. All invoices, 
contracts, &c. are considered there, in laWj British cur- 
rency, unless otherwise expressed. 

8. United States on Dublin (Ireland) . Reduce £1834 
2s. 10 ^d. sterling to Federal money; exchange at 4 per 
cent, above par. 

FRANCE. 

Accounts were kept in France previous to 1795, ac- 
cording to the old system, in livres, sous, and deniers. 
12 deniers = 1 sol or sou; 
20 sous = 1 livre; 
6 livres == 1 ecu or crown, silver. 
By the new system, accounts are kept in francs, 
decimes, and centimes. 

10 centimes = 1 decime. 
10 decimes =1 franc. 
The value of the franc is 18 f cents in Federal money. 
80 francs =81 livres. 

9. United States on France. Reduce 7232 francs 38 
centimes to Federal money; exchange at 1 dollar for 5 
francs 30 centimes. 

10. France on United States. Reduce 4093 dollars 
80 cents to money of France; exchange at 5 francs 30 
centimes for the dollar. 

19* 
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11. France on United States. Reduce 1834 dollars 
65 cents to French currency; exchange, at 5 francs 40 
centimes for a dollar. 

12. United States on France. Reduce 20828 francs 
67 centimes to Federal money; exchange at 1 dollar for 
6 francs 38 centimes. 

13. United States^ on France. Reduce 12893 francs 
27 centimes to Federal money; exchange at 1 dollar for 
5 francs 33 centimes. 



HAMBURGH. 

Accounts are kept here in marks^ schillings or solsj 
und pfenirgSy Lubs. 

12 pfenirgs =1 sol or schilling, Lubs; 
16 schillings =1 mark, Lubs; 
3 marks = 1 reichsthaler or rix dollar specie. 

Accounts are also kept, particularly in exchanges, in 
pounds^ shillings^ and pence, Flemish, 
12 pence or grotes= 1 shilling. 
20 shillings =1 pound, Flemish. 

The word Lubs originally meant money of Lubeck, 
which is the same with that of Hamburgh, and the term 
is intended to distinguish this money from the Flemish 
denominations, and also from the money of Denmark and 
other neighboring places. 

The mark Lubs is worth 2f shillings Flemish, or 32 
grotes; consequently the sol Lubs is 2 grotes Flemish, 
and the shilling Flemish 6 schillings Lubs. 

Banco or bank money, in which exchanges are reckon- 
ed, and currency, are the two principal kinds of money. 

Banco xjonsists of the sums of money deposited by 
merchants and others in the bank, and inscribed in its 
books; which suras are not commonly drawn out, but are 
transferred from one person to another in payment of a 
debt or contract. 

Current money, or currency, consists of the common 
coins of the city, in which expenses are mostly paid. 

The bank nioney is more valuable than currency, and 
bears a premium varying from 18 to 25 per cent. This 




XXXVIII. EXCHANGE. 223 

premium is called tlie agio. For iostaoce, when the agio 
is 20 per cent. 100 marks banco are valued at 120 marks 
currency. 

The mark banco is valued in the United States at 33^ 
cents. 

14. United States on Hamburgh. Reduce 1 148 marks, 
5 schillings, 4 pfenirgs banco to Federal money; exchange 
at 33 cents per mark banco. 

15. Hamburgh on United States. Reduce 1245 dol- 
lars 75 cents to money of Hamburgh; exchange at 3 
marks banco per dollar. 

1 6 . United States on Hamburgh. Reduce 6 1 94 marks 
12 schillings banco to Federal money; exchange at 34 cents 
per mark banco, 

17. United States on Hamburgh. Reduce 8246 marks 
8 schillings banco to Federal money; exchange at 35 cents 
per mark banco. 

1 8. Hamburgh on United States. Reduce 757 dollars 
90 cents to money of Hamburgh; exchange at 1 mark 
banco for 33 cents. 



AMSTERDAM AND ANTWERP. 

In these places accounts were formerly kept in florins^ 
stivers^ and pennings; or in pounds, shillings^ and pence^ 
Flemish, 

16 pennings = 1 stiver, 
20 stivers =1 florin or guilder. 
In Flemish, 1 2 grotes or pence, or 6 stivers = 1 shilling, 
20 shillings,- or 6 florins = 1 pound; 

2^ florins, or 50 stivers = 1 rix dollar. 

By the new system, adopted in 1815, accounts are 
kept throughout the kingdom of the Netherlands in florins 
or guilders, and cents. 

100 cents = 1 florin or guilder. 
The par value of the florin, in Federal currency, is 40 
cents. 

19. United States oo Amsterdam. Reduce 13790 
florins 15 stivers to Federal money; exchange at 36 cents 
per florin. 
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20. United States on Antwerp. Reduce 6281 florins 
88 cents to Federal money; exchange at 40 cents per 
florin. 

21. Amsterd^un on United States. Reduce 2482 dol- 
lars 33^ cents to Dutch money; exchange at 36 cepts per 
florin. 

22. Antwerp on United States. Reduce 3436 dollars 
72 cents to Dutch money; exchange at 38 cents per 
florin. 

23. United States on Antwerp. Reduce 7294 florins 
50 cents to Federal money; exchange at 42 cents per 
florin. 

24. United States on Amsterdam. Reduce 10148 
florins to Federal moi^ey; exchange at 41 cents per florin. 

* 

PORTUGAL. 

In Portugal, accounts are kept in milrees and rees; and 
also in old crusados. 

1000 rees = 1 milree. 

400 rees= 1 old crusado or crusado of exchange. 

480 rees = l new crusado. 

There are three sorts of money used in Portugal; viz. 

effective money, i. e. specie; paper money^ which is at a 

discount; and legal nioney, consisting of half specie and 

half paper. 

The value of the mikee in Federal money is 1 dollar 
24 cents. 

25. United Stated on Lisbon. Reduce 964 milrees 
475 rees to Federal money; exchange at 1 dollar 24 cents 
per milree. 

26. Lisbon on United States. Reduce 1274 dollars 
66 cents to money of Portugal; exchange at 1 dollar 26 
cents per milree. 

27. United States on Portugal. Reduce 1248 milrees 
645 rees to Federal money; exchange at 1 dollar 26 cents 
per milree. 

28. United States on Portugal. Reduce 1846 milrees 
500 rees to Federal money; exchange at 1 dollar 23 cents 
per milree. 
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• 

The exchanges of Brazil, in South America, are similar 
to those of Portugal; there is, however, a difference in 
the value of their moneys ; that of Portugal is half specie 
and half paper, called legal money, and that of Brazil is 
effective. 



SPAIN. 

The most general mode of keeping accounts in Spain 
is in reah^ of 34 maravedis; but there are nine different 
reals^ each divided into 34 maravedis, but differing in 
value. Four of these reals are of general application, 
and five of local use. 

The four principal moneys of Spain are the rcoZ vellotiy 
the real of old plate:) the real of new plate, and the real 
of Mexican plate; and in order to obtain a distinct view 
of them, it may be proper to make the real vellon the 
basis of all the rest. 

The real vellon is the twentieth part of the hard dollar, 
(peso duro) , universally known by the name of the Span- 
ish dollar, which is the same in value with the dollar of 
the United States. 

The division of the real vellon is into quartos, ochavos^ 
and maravedis. 

2 maravedis = I ochavo, 
2 ochavos =1 quarto, 
8 quartos, or 34 maravedis ==^ real vellon; 
but maravedis are commonly used to express any fraction 
of a real: thus, we say 1 real 33 maravedis ► 

The real of old plate is better than the real vellon, in 
the proportion of 32 to 17. Thus 17 maravedis of old 
plate are equal to 32 maravedis vellon; the quartos and 
ochavos are in the same proportion. The real of old 
plate is not a coin; it is the most general money of ex- 
change. 8 of these reals make the piastre, which is also 
called the dollar of exchange. 10| of these reals are 
equal to the hard dollar. When plate only is mentioned, 
old plate is understood. 

The real of new plate is double the real vellon; there- 
fore 34 maravedis of new plate are equal to 68 of vellon; 
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quartos and ocbavos in proportion. This real is a coin, 
but not a money of account in any general way; it is the 
tenth. part of the bard dollar, and is estimated in the 
United States at 10 cents, and the real vellon at 5 cents. 

The real of Mexican plate is divided into haloes and 
qvMvttrs^ called medio and qttartillo. It is the eighth part 
of the hard dollar, and is the chief money of account in 
Spanish America, where it is divided into sixteenths. 

The doubloon de plata^ or doubloon of exchange is four 
times the value of the piastre, or dollar of exchange. 

The duccUlo de plata^ or ducat of exchange is worth 
11 reals 1 maravedi old plate, or 20 reals 25 y^ maravedis 
vellon. 

29. United States on Spain. Reduce 3148 dollars 
, (of exchange) 6 reals 32 maravedis plate to Federal 

money, exchange at 67 cents per piastre ? 

30. Spain on United States. Reduce 1821 dollars 
60 cents to Spanish money; exchange at 68 cents per 
dollar of exchange. 

31. United States on Spain. Reduce 1286 dollars 
(of exchange) 7 reals 17 maravedis plpte to Federal money; 
exchange at 64 cents per dollar of exchange. 

32. United States on Spain. Reduce 21 36 doubloons 
of exchange to Federal money; exchange at 68 cents per 
dollar (of exchange) . 

33. United States on Buenos Ajrres. Reduce 4680 
rials of Mexican plate to Federal money; exchange at 12 
cents per rial. 

SWEDEN. 

In Sweden, accounts are kept in rix dollars specie, 
skillings, and rundstycken or ore. 

12 rundstycken or ore = l skilling; 
48 skillings = 1 rix dollar specie. 

The Swedish dollar agrees in value with the dollar of 
the United States. 

34. United States on Sweden. Reduce 3955 rix dol- 
lars 24 skijlings to Federal money; ei^cbange at I dollar 
2 cents per rix dollar. 
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35. Sweden on the United States. Reduce 1344 
iJollars 87 cents Federal money to Swedish money; ex- 
(thange at 1 rix dollar for 1 dollar 2 cents. 

36. United States on Sweden. Reduce 2481 rix 
dollars 36 skillings to Federal money; exchange at 1 dollar 
per rix dollar. 

37. Sweden on the United States. Reduce 819 dol- 
lars 87J cents Federal money to Swedish currency; ex- 
change at 1 rix dollar per dollar. 

38. United States on Sweden. Reduce 1234 rix 
dollars 12 1 skillings to Federal money; exchange at 98 
cents per rix- dollar. 

39. United States on Sweden. Reduce 1126 rix 
dollars 42 skillings to Federal money; exchange at 1 dol- 
lar 3 cents per rix dollar. 

RUSSIA. 

In Russia accounts are kept in roubles and copecks. 
The rouble is also divided into 10 grieven. 
10 copecks ==1 grieve or grievener, 
10 grieven or 100 copecks, = 1 rouble. 
The silver rouble is estimated In the United States at 
76 cents; but the commercial business of Russia is car- 
ried on, in a paper currency much inferior to that of 
specie. The variable agio of the paper, substituted for 
the silver rouble, makes exchanges with Russia extreme- 
ly fluctuating, as the paper rouble improves or declines 
in value. 

40. United States on Russia. Reduce 4182 roubles 
64 copecks to Federal money; exchange at 25 cents per 
rouble. 

41. Russia on the United States. Reduce 2614 dol- 
lars 15 cents to Russian money; exchange at 1 rouble for 
25 cents. 

42. United States on Russia.. Reduce 5416 roubles 
50 copecks to Federal money; exchange at 28 cents per 
rouble. 

43. Russia on United States. Reduce $3148.56 to 
Russian currency; exchange at I rouble for 30 cents. 



228 ARITHMETIC. XXXVIII. 

44. United States on Russia. Reduce 8672 roubles 
75 copecks to Federal money; exchange at 32 cents per 
rouble. 



PRUSSIA. 

^n Prussia accounts are generally kept in thalers or 
rix dollars, good grosehen, and pfenings. 

12 pfenings = 1 good grosehen, 

24 good grosehen = 1 rix dollar. 
The Prussian rix dollar is in value f of the dollar of 
the United States. 

45. United States on Prussia. Reduce 4162 rix dol- 
lars 18 good grosehen to Federal money; exchange at 66 
cents per rix dollar. 

46. Prussia on United States. Reduce 3148 dollars 
32 cents to Prussian money; exchange at 1 rix dollar for 
64 cents. 

47. United States on Prussia. Reduce 1428 rix dol- 
lars 14 good grosehen to Federal money; exchange at 67 
cents per rix dollar. 

48. Prussia on United Stales. Reduce 2136 dollars 
Federal money to Prussian money; exchange at 1 rix dol- 
lar for 48 cents. 

DENMARK. 

In 1813 a new monetary system was established in 
Denmark, in which system the rigsbank dollar is the 
money unit. The denominations of money are the same 
as in the old, or Hamburgh system, but of only half the 
value. 

12 pfenings =1 skilling, 
16skillings=-l mark, 
6 marks = 1 rigsbank dollar. 
The Danish rigsbank dollar is equal to 50 dents in the 
United States. 

4d. United States on Denmark. Reduce 3214 rigs- 
bank dollars 4 marks 8 skillings to Federal mqnev; ex- 
change at 50 cents per rigsbank dollar. 
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50. Denmark on the United States. Reduce 2082 
dollars 35 cents Federal money to Danish money; ex- 
change at 2 rigsbank dollars per dollar. 

51. United States on Denmark. Reduce 1968 rigs- 
bank dollars 5 marks 12 skillings to Federal money; 
exchange at 48 cents per rigsbank dollar. 

52. Denmark on United States. Reduce 3007 dollars 
Federal money to Danish money; exchange at 2 rigsbank 
dollars 2 skillings per dollar. 

NAPLES. 

In Naples accounts are kept in ducati, carlini, and 
grani. The ducat is the money unit, and is divided into 
10 carlins, each of 10 grains, and, by the public banks, 
into 5 tarins of 20 grains each, making the ducat always 
100 grains* 

10 grani =1 carlino, 
10 carlini= 1 ducato. 
The value of the silver ducat, m Federal money, is 80 
cents. 

53. United States on Naples. Reduce 4022 ducati 8 
carlini to Federal money; exchange at 80 cents per ducat. 

54. Naples on United States. Reduce 1835 . dollars 
73 cents Federal money to Neapolitan money; exchange 
at 1 ducato for 78 cents. 

55. United States on Naples. Reduce 3508:diicats 
5 carlini to Federal money; at 82 cents per ducat.,: 

56. Naples on the United States. Reduce 1817 dol- 
lars 54 cents Federal money to Neapolitan money;- ex- 
change at 1 ducat for 76 cents. 

SICILY. 

In Sicily accounts are kept in oncie, tari, and grani. 

20 grani = 1 taro, 
30 tari =1 oncia. 
Accounts are also kept in scudi, tari, and grani. 
12 tari =1 scudo, or Sicilian crown, 
5 scudi =2 oncie. 

20 
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It must be observed, that the denominations of Sicilian 
money have but half the value of the same denommations^ 
in Naples. The Sicilian oncia, for mstance, passes in 
Naples fpr only 15 tari, the Sicilian scudo for 6 tari, and 
other denominations in the same proportion. 

The scudo is equal to 96 cents, and the oncia to $2.40 
Federal money. 

57. United States on Sicily. Reduce 1214 oncie 20 
tari 10 grani to Federal money; exchange at 8 cents per 
taro. 

58. Sicily on United States. Reduce 1457 dollars 
62 cents Federal money to Sicilian money; exchange at 
1 taro for 8 cents. 

59. United States on Sicily. Reduce 3010 scudi 9 
tari 15 grani to Federal money; exchange at 96 cents per 
scudo. 

60. Sicily on United States. Reduce 983 dollars 44 
cents to Sicilian money; enchange at 1 scudo for 95 
cents. 

LEGHORN. 

In Leghorn accounts are kept in pezze, soldi, and 
denari di pezza. 

12 denari di pezza =1 soldo, 

20 soldi di pezza = 1 pezza of 8 reals. 

The value of the pezza is 90 cents, Federal money. 

61. United States on Leghorn. Reduce 2146 pezze 
16 soldi 8 denari to Federal money; exchange at 92 cents 
per pezza of 8 reals. 

62. Leghorn on United States. Reduce 1620 dollars 
45 cents to money of Leghorn; exchange at 1 pezza of 
8 reals for 90 c^nts. 

63. United States on Leghorn. Reduce 3293 pezze 
13 soldi 4 denari to Federal money; exchange at 93 cents 
per pezza of 8 reals. 

64. Leghorn on United States. Reduce 1214 dollars 
68 cents to money of Leghorn; exchange at 1 pezza of 
8 reals for 91 cents. 
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GENOA. 

In Genoa accounts are kept in lire, soldi, and denari 
di lira; or in pezze, soldi, and denari di pezza; all in 
money fuori banco, or current money. 

12 denari = 1 soldo, 
20 soldi == I lira; 
12 denari = 1 soldo, 
20 soldi = 1 pezza; 
The value of the pezza is to that of the lira as 4 to 23; 
that is, 4 pezze=23 lire; therefore 4 soldi di pezza= 
23 soldi di lira; 4 denari di pezza =23 denari di lira. 

The par value of the lira is 15^ cents, that of the pezza 
89 cents, U. S. 

65. United States on Genoa. Reduce 5254 lire 16 
soldi 3 denari to Federal money; exchange at 16 cents 
per lira. 

66. Genoa on the United States. Reduce 1532 dol- 
lars 80 cents to money of Genoa; exchange at 1 lira for 
15 cents. 

67. United States on Genoa. Reduce 8792 lira to 
Federal money; exchange at 16^ per lira; 

68. Genoa on the United States. Reduce 2000 dol- 
lars to money of Genoa; exchange at 1 lira for 15^ cents. 

VENICE. 

In Venice accounts were formerly kept^ and exchanges 
computed in ducats, lire, soldi, and denari, moneta pic- 
cola. 

12 denari =1 soldo, 

20 soldi = 1 lira piccola, 

6 1 lire piccole= 1 ducat current, 
8 lire piccole = 1 ducat effective. 
The par of the |ira piccola, in Federal money, is 9f 
cents. 

Accounts are now kept, and exchanges computed in 
lire Italiane and centimes. 

100 centesimi = l lira Italiana. 
The common estimate of this money is, that 100 lire 
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piccole are equal to 51 ^ lire Italiane. The lira Italiana 
is of the same value with the French franc. 
. 69. United States on Vfenice. Reduce 14642 lire 4 
soldi 8 denari piccoli to Federal money; exchange at 9 
cents per lira piccola. 

70. Venice on the United States. Reduce 814 dollars 
55 cents to Venetian money; exchange at 1 lira piccola 
for 8 cents. 

We have given the two preceding examples in the old 
currency, for the sake of practice, although it has general- 
ly gone out of use. 

71. United States on Venice. Reduce 6784 lire 
Italiane 40 centimes to Federal money; exchange at 18 5 
cents per lira Italiana. 

72. Venice on the United States. Reduce 1817 dol- 
lars 82 cents to Venetian money; exchange at 1 lira Ita- 
liana for 18 cents. 

73. United States on Venice. Reduce 5236 lire 
Italiane to Federal money; exchange at 18J cents per lira 
Italiana. 

TRIESTE. 

In Trieste acc6unts are kept and exchanges computed 
in florins and creutzers; or in rix dollars and creutzers. 
• 4 pfenmgs = 1 creutzer, 
60 creutzers = 1 florin or gulden, 
1^ florin, or 90 creutzers = 1 rix dollar of account. 
The rix dollar specie is equal to 2 florins, 
The par of the flprin is 48 cents, in Federal money, 
which makes the doll^ of account 72 cents, and the specie 
dollar 96 cents. 

74. United States on Trieste. Reduce 2846 florins 
25 creutzers to Federal money; exchange at 48 cents per 
florin. 

75. Trieste on United States. Reduce 1637 dollars 
48 cents to money of Trie;5te; at 1 florin for 47 cents. 

76. United States on. Trieste, Reduce 2055 rix dol- 
lars, 25 creutzers to Federal money; exchange at 72 cents 
per rix dollar. 
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77. Trieste on United States. Reduce 1738 dollars 
38 cents to money of Trieste; exchange at 1 rix dollar 
for 70 cents. . 



ROME. 

In Rome accounts are kept, by the old system, in 
scudi, paoli, and bajocchi; quattrini and mezzi quattrini 
are also sometimes reckoned. 

2 mezzi quattrini = 1 quattrino, 
5 quattrini = 1 bajoccho, 

10 bajocchi = 1 paolo, 

10 paoli, or 100 bajocchi = 1 scudo, or Roman crown^ 
The Roman crown is equal to the Federal dollar. 
The scudo di stampa d'orb, or gold crown, is equal to 

m X .00* 

When the exchange between the United States and 
Rome is at par, no reduction is required; for any number 
of scudi and bajocchi are equal to the same number of 
dollars and cents, and the reverse; for instance, 125 
scudi 75 bajocchi are equal to 125 doUars 75 cents. 

78. Rome on the United States. Reduce 1871 dol- 
lars 19 cents to Roman money; exchange at 1 scudo 2 
bajocchi per dollar. 

79. United States on Rome. Reduce 2070 scudi 50 
bajocchi to Federal money; exchange at 101 cents per 
scudo. ' 

In 1809, the French moneys of account were introduc- 
ed into Rome. The scudo was reckoned at 5 francs 35 
centimes; the franc, therefore, was valued at 18 bajocchi 
3.45 quattrini. 

MALTA. 

Acounts are kept in this island in scudi, tari, and grani, 

20 grani =1 taro, 
12 tari =1 scudo. 
The taro is likewise divided into 2 carlini, and a carlino 
into 60 piccioli. The pezza, or dollar of exchange^ is 
equal to 2^ scudi. 

20* 
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The par value of the Maltese scudo is 40 cents in 
Federal money. 

The coins in circulation are chiefly Spanish dollars 
and doubloons, and Sicilian dollars and ounces. They 
are valued each at a certain rate, as follows, on which a 
variable agio is charged. 

Spanish dollar =30 tari 10 grani. 

Spanish doubloon =38 scudi 9 tari. 

Sicilian dollar =30 tari. 

Sicilian ounce =6 scudi 3 tari. 

80. United States on Malta. Reduce 1108 Maltese 
scudi 9 tari to Federal money; exchange at 40 cents per 
scudo. 

81. Malta on the United States. Reduce 874 dollars 
76 cents to Maltese money; at 1 scudo for 38 cents. 

82. United States on Malta. Reduce 3964 Maltese 
scudi 6 tari to Federal money; at 41 cents per scudo. 

83. Malta on the United States. Reduce 674 dollars 
60 cents to Maltese money; at 1 scudo for 40 cents. 

SMYRNA- 

Accounts are kept here in piastres or gooroosh. The 
piastre, also called the Turkish dollar, is divided some- 
times into 12 temins, sometimes into 40 paras or medini; 
but the usual division is into aspers, the number of which 
varies. Thus, the English and Swedes divide the piastre 
into 80 aspers; the Dutch, French, and Venetians into 
100 aspers; the Turks, Greeks, Persians, and Armenians 
into 120 aspers. An asper is a third part of a para. 

Bills of exchange are often drawn on Smyrna in foreign 
coin, particularly in Spanish dollars, which are always to 
be had there; but, if drawn in a coin not in current use, 
the exchange of the day is established to make the pay- 
ment. 

The Turkish coins, owing to the frequent deterioration 
of them by the government, have been declining in their 
intrinsic worth for many years, and have no standard 
value. Foreign exchanges are conducted entirely ac- 
cording to the price of the day. 
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84. United States on Smyrna. Reduce 5318 J piastres 
of Turkey to Federal money; exchange at 20 cents per 
piastre. 

85. Smyrna on the United States. Reduce 912 dol- 
lars 27 cents to Turkish money; exchange at 1 piastre 
for 21 cents. 

86. United States on Smyrna. Reduce 7161^ Turk- 
ish piastres to Federal money; exchange at 22 cents per 
piastre. 

87. Sm3rrna on United States. Reduce 1128 dollars 
22 cents to money of Smyrna; exchange at 1 piastre for 
20^ cents. 

EAST INDIES. 

Before European colonies were established in the East 
Indies, particularly while the power of the Moguls pre- 
vailed in Hindostan, the monetary system was very simple. 
There was current throughout these vast dominions one 
principal coin of silver, denominated the sicca rupee. It 
was of a certain weight called the Heca, The sicca was 
used also as a standard for weighing other articles. 

The British possessions in the East Indies are divided 
into three presidencies, viz. Bengal, Bombay, and Ma- 
dras. The monetary systems in these presidencies are 
different from each other. 



CALCUTTA IN BENGAL. 

Accounts are commonly kept here in current rupees^ 
annasj and pice. 

12 pice = 1 anna, 

16 annas = 1 rupee, currency. 

The East India Company, however, keep their ac- 
counts in sicca rupees, similarly divided, which bear a 
batta or premium of 16 per cent, above current rupees. 
^ The current rupee of Calcutta is 44^ cents, and the 
sicca rupee 51^^ cents, in PederaTmoney. 

A Lac of rupees is 100000, and a Crore of rupees is 
100 Lacs, or 10 millions of rupees. 
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88. United States on Calcutta. Reduce 17438 rupees 
12 annas> currency of Calcutta, to Federal mojoey; ex- 
change at 48 cents per rupee. 

89. Calcutta on the United States. Reduce 6913 
dollars .25 cents to money of Calcutta; exchange at 2 
sicca rupees per dollar. 

90. .USiite^ States on Calcutta. Reduce 46173 cur- 
rent rupees 9 annas to Federal money; exchange at 46 
cents per rupee. 

91. Calcutta on United States. Reduce 28953 dollars 
63 cents to current money of Calcutta; exchange at 1 
rupee for 44 cents. 

92. United States on Calcutta. Reduce a Lac of 
sicca rupees to Federal money; exchange at 53 cents per 
sicca rup^e. 

BOMBAY. 

In the presidency of Bombay, accounts are kept in 
rupees, quarters, and reas. 

100 reas = 1 quarter, 
4 quarters =1 rupee. 
The current value of the Bombay rupee is equal to 50 
cents in Federal money. 

93. United States on Bombay. Reduce 10137 rupees 
2 quarters 50 reas to Federal money; exchange at 50 
cents per rupee. 

94. Bombay on the United States. Reduce 6210 
dollars 48 cents to money of Bombay; exchange at 48 
cents per rupee. 

95. United States on Bombay. Reduce 8413 rupees 
of Bombay to Federal money; at 49 cents per rupee. * 

MADRAS. 

In the presidency of Madras, there are different mone- 
tary systems, which may be distinguished under the heads 
of the old system and tne new. 

According to the old system, accounts are kept m itar 
pagodas^ fanatnsj and cdsh. 
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80 cash = 1 fanam, 
42 fanams = 1 pagoda. 
The current value of the star pagoda is $ 1.80 Federal. 
By the new system, the silver rupee of Madras is made 
the standard coin, and money of account in this presidency. 
The current value of the silver rupee of Madras is 
44^^ cents. It is divided into halves, quarters, eighths, 
and sixteenths. The sixteenth is the anna. 

96. United States on Madras. Reduce 721 8 f rupees 
of Madras to Federal money; at 46 cents per rupee. 

97. Madras on United States. Reduce 2684 dollars 
88 cents to money of Madras; at 44 cents per rupee. 

98. United States on Madras. Reduce 5367 rupees 
of Madras to Federal money; at 45 cents per rupee. 

CANTON IN CHINA. 

In China account;^ are kept in tales, mace, candarines, 
and cash. 

10 cash =1 candarme, 

10 candarlnes=l mace, 

10 mace =1 tale. 
The tale is reckoned at $ 1 .48 in Federal money. 

99. United States on Canton. Reduce 12144 tales 
5 mace to Federal money; exchange at 1 dollair 48 cents 
per tale. 

100. Canton on the United States. Reduce 8754 
dollars 89 cents to money of Canton; exchange at 1 taje 
per 146 cents. 

101. United States on Canton. Reduce 16235 tale 
to Federal n^oney; exchange at 149 cents per tale. 

JAPAN. 

In the empire of Japan, which consists of several 
islands to the east of Asia, accounts are kept in tales, 
mace, and candarines. 

10 candarines=l mace, 
10 mace == 1 tale. 
The Japanese tale is reckoned at 75 cts. Fed. money. 
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102. United States on Japan. Reduce 3714 Japan- 
ese tales 8 mace 8 candarines to Federal money; exchange 
at 75 cents per tale. 

103. Japan on United States. Reduce 696 dollars 54 
cents to money of Japan; exchange at 1 tale per 75 cents. 

104. United States on Japan. Reduce 2468 tales 5 
mace, money of Japan, to Federal money; exchange at 76 
cents per tale. 

SUMATRA. 

This island is chiefly in possession of the natives; but 
the English have a small settlement at Bencoolen. 

At Bencoolen accounts are kept in dollars^ $oocoo$^ 
and satellers. 

8 satellers = 1 soocoo, 
4 soocoos = l dollar. 
This dollar is reckoned at $1.10 in Federal money, 
and is sometimes called a rial. 

105. United States on Bencoolen. Reduce 1947 
Bencoolen dollars 3 soocoos 4 satellers to Federal money; 
exchange at 110 cents per dollar of Bencoolen. 

106. Bencoolen on United States. Reduce $2379.51 
Federal money to money of Bencoolen; exchange at 1 
dollar Bencoolen for 108 cents. 

ACHEEN. { In the island of Sumatra). 

In Acheen accounts are kept in taks^ pardows, mace^ 
and copangs. 

4 copangs = 1 mace, 
4 mace = 1 pardow, 
4 pardows = 1 tale. 
The mace is a small gold coin worth about 26 cents 
Federal money, which makes the tale $4.16. 

107. United States on Acheen. Reduce 1432 tales, 
3 pardows 2 mace to Federal money; exchange at 416 
cents per tale. 

108. Acheen on United States. Reduce 3620 dollars 
96 i cents to money of Acheen; at 1 tale for 412 cents. 
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JAVA. 

In Batavia, the capital of this island, the florin or guil- 
der of the Netherlands is the monetary unit; but instead 
of the decimal divisions, it is here sometimes divided into 
schillings^ dubbels^ sliversy and doits. 
6 doits =1 stiver, 

2 stivers =1 dubbel, 

3 dubbels = 1 schilling, 

4 schillmg=l florin or guilder. 

The florin of Java, as the florin of the Netherlands, is 
equal to 40 cents Federal money. 

109. United States on Batavia. Reduce 11841 florins 
3 schillings 2 dubbels to Federal money; exchange at 40 
cents per florin. 

110. Batavia on the United States. Reduce $ 13746. 
69 to. money of Batavia; exchange at 1 guilder for 38 
cents^ 

111. United States on Batavia. Reduce 42328 guil- 
ders 50 centimes to Federal money; exchange at 42 cents 
per guilder. 

MANILLA. (Intheidandof Liaon). 

In Manilla, the capital of the Spanish East India pos- 
sessions, accounts are kept in Spanish dollars or pesos, 
realSj and maravedis. 

34 maravedis = 1 real, 
8 reals = 1 dollar. 

112. United States on Manilla. Reduce 6341 dollars 
6 reals 17 maravedis to Federal money; exchange at 101 
cents per Spanish dollar. 

113. Manilla on United States. Reduce $5274.55 
to money of Manilla; exchange at 1 Spanish dollar per 
dollar. 

COLOMBO. (lnih€%dand<if CofUm). 

In Colombo, accounts are kept in rix dollars j fanams^ 
and pice. 
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4 pice = 1 fanam, 
12 fanams = l rix dollar. 
The current value of this rix dollar is 40 cts. F. money. 

114. United States on Colombo. Reduce 7328 rix 
dollars 9 fanams to Federal money; exchange at 40 cents 
per rix dollar. 

115. Colombo on United States. Reduce $1426.71 
Federal money to money of Colombo; exchange at 1 rix 
dollar per 38 cents. 

MAURITIUS, {Lfk of France.) 

In Mauritius, accounts are kept in two different ways, 
viz. in dollars of 100 cents, which is the mode adopted 
in public or government accounts; and in dollars^ livresy 
and soUj which method is mostly used by merchants. 

20 sols = 1 livre. 
10 livres=l dollar. 
These are called colonial livres, and are 10 cents each. 

116. United States on Mauritius. Reduce 4132 dol- 
lars 7 livres 10. sols to Federal money; exchange at 1 
dollar per dollar of Mauritius. 

117. Mauritius on United States. Reduce $7547.47, 
Federal money, to money of Mauritius; exchange at 98 
cents per dollar of Mauritius. 



ARBITRATION OF EXCHANGE. 

Arbitration of exchange is a comparison of the 
courses of exchange between different countries, in order 
to ascertain the most advantageous course of drawing or 
remitting bills. It is distinguished into simple and com- 
pound, arbitration. 

Simple Arbitration is a comparison between the ex- 
changes of two places through a third; that is, it is finding 
such a rate of exchange between two places, as shall ba 
in proportion to the rates quoted between each of them 
and a third place. The exchange thus determined is 
called the arbitrated price. 
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If, for example, the course of exchange between Lon-* 
don and Paris is 24 francs for 1 pound sterling, and be<- 
tvveen Paris and Amsterdam 54 pence Flemish for d 
francs, the arbitrated price between London and Amster- 
dam through Paris, is 36 shillings Flemish for 1 pound 
sterling; for, as 3fr. : 24fr.=54d. : 36s. Flem. 

Suppose the arbitrated price to be, as before stated, 
36s. Flemish for £1 sterling; and suppose the direct 
course between London and Amsterdam to be 37 s. 
Flemish; then London, by drawing directly on Amster- 
dam, must give 37 s. Flemish for £1 sterling; whereas, 
by drawing through Paris, he will give only 36 s. Flemish, 
for £ 1 sterling. It is therefore the interest of London 
to draw indirectly on Amsterdam through Paris. 

On the contrary, if London remits directly to Amster- 
dam, London will receive 37 s. Flemish for £1 sterling; 
but, by remitting through Paris, London will receive only 
36 s. Flemish. It is the interest of London, therefore, 
to remit directly to Amsterdam. 

118. If the exchange of London with Genoa is 47 d. 
sterUng per pezza, and that of Amsterdam with Genoa 86 
grotes Flemish per pezza, what is the proportional or 
arbitrated exchange between London and Amsterdam 
through Genoa ? that is, how many shillings ^and grotes 
Flemish are equal to £ 1 sterling ? 

Since 47 d. sterling is equal to 1 pezza, and this pezza 
is equal to 86 grotes Flemish, the question may be stated 
thus; 47 d. sterling : 240d. sterling =86 grotes Flemish: 
•4fw. which is 36 s. 7-^^ grotes Fl. By the Chain Rule, 
(See Art. xxvi), the statement is as follows. 

I pound sterling. 
1 pound sterling =240 pence. 
47 pence = 1 pezza. 

1 pezza =5 86 grotes Fl. 

12 grotes = 1 shilling Fl. 

The product of the consequents being divided* by the 
product of the antecedents, will give 36 sh. 7/w grotes 
Fl. for the answer. 

119. If the exchange on London with Hamburgh is 
34 shillings 2 grotes Flemish banco for £ 1 sterling, and 

21 
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that of Amsterdam with Hamburgh 33f stivers per rix 
dollar of 2 marks, what is the arbitrated exchange be- 
tween London and Amsterdam through Hamburgh? 

Since 2 marks are 64 grotes Flemish and 33| stivers 
are 66| grotes Flemish^ the question may be stated thus, 
64 grotes Fl.: 66| grotes Fl.==34 s- 2 grotes Fl. : Ans. 
By the Chain Rule, the statement is as follows, 

1 pound sterling. 

1 pound sterling = 34 s. grotes Flem. 
8 s. Flem. = 3 marks. ' 

2 marks = 33f stivers. 

6 stivers = 1 s. Flemish. 

. 120« If the exchange of London on Leghorn is 51^ d. 
sterling per pezza, and that of Amsterdam on Leghorn 
92f grotes Flemish per pezza, what is the proportional 
exchange between London and Amsterdam through Leg- 
born ? 

121. If the exchange of London cm Lisbon- be 68 d. 
sterling per milree, and that of Amsterdam on Lisbon 48 
grotes Flemish per old crusado, what is the arbitrated ex- 
change between London and Amsterdam through Lisbon } 

122. If the exchano;e of London on Madrid is 42 d. 
sterling per dollar of plate, and that of Amsterdam on 
Madrid 96 grotes Flemish per ducat of plate, what is the 
proportional exchange between London and Amsterdam 
through Madrid? 

123. If the exchange of London on Paris is 24 francs 
per £ 1 sterling, and that of the United States on Paris 
18^ cents per franc, what is the arbitrated or propor- 
tional exchange between London and the United States 
through Paris? 

124. If the exchange of London on Amsterdam is 11 
florins 16 stivers per £ sterling, and tliat of the United 
States on Amsterdam 38 cents per florin, what is the 
arbitrated exchange between the tJnited States and Lon- 
don through Amsterdam? 

125. If the exchange of the United States on Paris is 
18 cents per franc, and that of Amsterdam on Paris 54 
grotes Flemish for 3 francs, what is the proportional 
exchange between the United States and Amsterdam 
through Paris? 
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126. If the exchange of the United States on Lisbon 
is $1.24 per mih*ee, and that of Paris on Lisbon 540 
rees per ecu of 3 francs, what i.s the proportional ex- 
change between the United States and Paris through 
Lisbon.^ 

COMPOUND ARBITRATION. 

Compound arbitration is a comparison between the- 
exchanges of more than three places, to $nd the arbitrat- 
ed price between the first place and the last, in order to 
determine on the most advantageous mode of negotiating 
bills. 

127. Suppose the exchange between London and 
Amsterdam to be 35 shillings Flemish for £ 1 sterling; 
between Amsterdam and I^isbon, 42 pence Flemish per 
old crusado; and between Lisbon and Paris, 480 rees^ 
per ecu of 3 francs; what is the arbitrated price between 
London and Paris .^ 

First, 35 s. Fl. : 42d. Fl.=:£l sterling : A; which is 
2 s. sterling. 

Secondly, 1 old crusado : 480 rees = 2 s. sterling : A; 
which is 2s. 4^d. sterling. 

Thirdly, 2 s. 4f d, sterling : £ 1 sterling =3 francs : 
A ; which is 25 francs. 

Hence the arbitrated price is 25 francs for £ 1 sterling. 
But all such operations are best performed by the Chain 
Ruie; thus, 1 pound sterling. 

1 pound sterling = 35 shillings Flemish. 
3^ shillings Fl. = 1 old crusado. 
1 old crusado =400 rees. 
480 rees = 3 francs. 

The product of the consequents divided by that of 
tlie antecedents gives 25 francs per £ sterling, as before. 

128. Suppose a merchant in London has a sum of 
money to receive in Cadiz, the exchange being at 38 d. 
sterling per dollar of plate; but, instead of drawing di- 
rectly on Cadi2, he draws on Amsterdam, ordering his 
agent there to draw on Paris, and Paris to draw on Ca- 
diz; the exchange between London and Amsterdam being 
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at '35 shillings Flemish per pound sterling; between Am- 
sterdam and Paris 53^ grotes Flemish per ecu of 3 
francs; and between Paris and Cadiz 15 francs 50 cen- 
times per doubloon of plate. What is the arbitrated 
price between London and Cadiz ? , 

1 dollar of plate. 
4 dollars of plate = 1 doubloon of plate. 
1 doubloon of plate = 15^ francs. 
3 francs = 53^ grotes Fl. 

12 grotes Fl. = 1 shilling Fl. 

35 shillings ,FI. =240 pence sterling. 

The result is 39|| d. sterling per dollar of plate. 
The circuitous operation is, therefore, the most advanta- 
geous, as London gets 39^ d. nearly, instead of 38d. for 
each dollar of pfete. 

129. London having a sum to receive in Lisbon, when 
the exchange is at 64 d. sterling per milree, draws on 
Lisbon, but remits his bill to Hamburgh to be negotiated, 
and directs the returns to be made to him in bills oa 
Leghorn; the exchange between Hamburgh and Lisbon 
being 46 grotes Flemish per old crusado; between Ham- 
burgh and Leghorn 85 grotes Flemish 'per pezza; and 
between London and Leghorn 52 d. sterling per pezza. 
What is the arbitrated price between London and Lis- 
bon ? and what does London give per milree by the cir- 
cuitous exchange ? 

130. A merchant in London has a sum to pay in 
Petersburg, and another to receive in Genoa; but there 
being no regular exchange between these places, London 
draws on Hamburgh, and remits his bill to Petersburg, 
directing Hamburgh to draw on Genoa; the exchange 
between London and Genoa being 46^ d. sterling per 
pezza; between Hamburgh and Genoa 81 grotes Flemish 
per pezza; and between Petersburg and Hamburgh 23 
schillings Lubs per ruble. What is the exchange between 
London and Petersburg resulting from the operation } 
that is, how many pence sterling does London pay for 
the ruble? 

131. A merchant in the United States has funds in 
Paris, and owes a sum of money in Hamburgh; he draws 



XXXVni. FOREIGN COrNS. 245 

on London, remits his bill to Hamburgh, and directs 
London to draw on Paris; the exchange between the 
United Stales and Paris being 18 cents per franc; be- 
tween London and Paris 24 francs 25 centimes per £ 
sterling; and between Hamburgh and London 13J marks 
banco per £ sterling. How many cents per mark banco 
does the American merchant pay by this <Jourse of ex- 
change ? 

132. A merchant in the United States' being indebtetl 
in London, ren\its bills on Paris to his correspondent in 
that city, and directs him to obt^m bills of Paris on Lis- 
bon and remit them to his creditor in London; the ex- 
change between the United States and France being 18 
cents per franc; between Paris and Lisbon 465 rees per 
ecu of 3 francs ; and between London and Lisbon 63 d. 
sterling per milree. In. this course of exchange, how 
many pence sterling are paid with one dollar of the Unit- 
ed States ^ 

In the preceding examples, no notice is taken of the 
expenses incident to exchange operations, such as com- 
mission, brokerage, interest,, &c.; but in all transactions 
of business, it is necessary to make allowance for the 
difference of charges between direct and indirect ex- 
changes, in order to decide on the preference of the one 
to the other. 



FOREIGN COINS. 



THE Silver coins of foreign countries, rendered 
current in the United States, by Act of Congress, are 
as follows. Spanish dollars and parts thereof, at 100 
cents the dollar. Dollars of Mexico, Peru, Chili, and 
Central America, of not less weight than 415 grains each, 
and those restamped in Brazil of the like weight, and of 
not less fineness than 10 oz. 15 dwt. pure silver in the 
Troy pound, all at 100 cents the dollar. The Five- 
franc pieces of France, weighing 384 grains each, and of ^ 
not less fineness than 10 oz. 16 dwt. pure silver in ^ 
Troy pound, at 93 cents the piece. -•^* 

21* , ' 
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THE GOLD COINS of foreign countries, with their 
respective weights, and values, are stated in the following 
Tabx^e. Those of the countries printed in Italics are 
rendered current, by Act of Congress. 

Ndmta of Countries and Coins, 

AUSTRIAN dominions! '> 

Souverein, 

Double Ducat, 

Hungarian, Ducats '. . . 

BAVARIA 

Carolia, . 

Max d'or, or Maximilian, . . 
Ducat, . . 

BERNE. 

Ducat, double in proportion, . . 
Pistole 

BRAZIL, , 

Jahannes, half in proportion .' . 
Dobraon, 

Dobra . 

Moidore, half in proportion, . . 
Crusade, 

BRUNSWICK. 

Pistole, double in proportion. 
Ducat, 

COLOGNE. 

Ducat, 

COLOMBIA. 

Doubloon 

DENMARK. 

Ducat, Current, ..... 
Ducat, Specie, ..... 
Christian d'or, 

EAST INDIA. 

Rupee, Bombay, 1818, . . . 

Rupee, Madras, 1818, . . . 

^'w Pagoda, Star, . . i» . . . 

ihiQLAND. 

Gcinea, half in proportion, . . 
Sovereign, half in proportion, . 
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Seven Shillbg Piece, 

FRANCE, 

Louis, coined before 1786, 
Double Louis, before 1786, 
Louis, coined since 1786, 
Double Louis, smce 1786, 
Napoleon, or 20 francs, . 
Double Napoleon or 40 francs, . 
Same as the new Louis Guinea, 

FRANKFORT ON THE MAIN. 

Ducat, . 

GENEVA. 

Pistole, old, 

Pistole, new, 

HAMBURG. 

Ducat, double in proportion, 

GENOA. 

Sequin, 

HANOVER. 

Double George d'or, single in pro. 

Ducat, 

Gold Florm, double in pro'n, . 

HOLLAND. 

Double Ryder, . ♦ . . . 

Ryder, . ^ . 

Ducat, 

Ten Guilder Piece, 5 do. in pro'n, 

MALTA, 

Double Louis, 

Louis, 

Demi Louis, 

MEXICO, 

Doubbons, shares in pro'n, . . 

MILAN. 

Sequin, . 

Doppia or Pistole, . . . • 
Forty Livre Pieces, 1808, . . 

NAPLES. 

Six Ducat Piece, 1783, . . . 
Two do. or Sequin, 1762, . . 
Three do. or Oncetta, 1818, 



1 19 


6 5^ 
10 11 


4 22 


9 20 


4 3| 

8 7 
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2 5| 


4 7\ 
3 16| 


2 6| 


2 5| 


8 13 


2 6| 
2 2 


12 21 
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5 16 
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247 


1 69 8 


4 84 6 
9 69 7 
4 57 6 
9 15 3 

3 85 1 
7 70 2 

4 65 5 


2 27 9 


3 98 5 
3 44 4 


2 27 9 


2 30 2 


7 87 9 
2 29 6 
1 67 


12 20 5 
6 04 3 
2 27 5 
4 03 4 


9 27 8 
4 65 2 
2 33 6 


15 53 5 


2 29 

3 80 7 

7 74 2 


5 24 9 

1 59 1 

2 49 
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NETHERLANDS. 

Gold Lion, or 14 Florin Piece, 
Ten Florin Piece, 1820, . . . 

PARMA. 

Quadruple Pistole, double in pro'n, 
Pistole or Droppiaj 1787, . . 
Pistole or Droppia, 1796, . . 
Maria Theresa, 1818, . . . 

PIEDMONT. 

Pistole c'd since 1785, ^ in pro'n, 
Sequin, half in proportion, . . 
Carlino, c'd since 1785, 4 in pro'n, 
Piece of 20 Francs, or Marengo, 

POLAND. 

Ducat, 

PORTUGAL, 

Dobraon, 

Dobra, 

Johannes, 

Moidore, half in proportion, . 
Piece of 16 Testoons, 1600 Rees 
Old Crusado or 400 Rees, . 
New Crusado or 480 Rees, . 
Milree, coined in 1755, . 

PRUSSIA. 

Ducat, 1748, ... . . 
Ducat, 1787, .... 
Frederick, double, 1769, 
Frederick, double, 1800, 
Frederick, single, 1878, . 
Frederick, single, 1800, . 

ROME. 

Sequin, coined since 1760, 
Scudo of Republic, . . 

RUSSIA. 

Ducat, 1796, . . 
Ducat, 1763, . . 
Gold Ruble, 1756, 
Gold Ruble, 1799, 
Gold Polten, 1777, 
Imperial, 1801, 
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Half Imperial, 1801, .... 
Half Imperial, 1818, .... 

SARDINIA. 

Carlino^ half in proportion, . . 

SAXONY. 

Ducat, 1784, 

Ducat, 1797, 

Augustus, 1754, 

Augustus, 1784, 

SICILY. 

Ounce, 1751, . ^ 

Double Ounce, 1758,. . . . 

SPAIN. 

Doubloons, 1772, double and sin- 
gle and shares in proportion, . . 
Doublocm, ....*!.. 

Pistole, 

Coronilla, (Gold Del.) or Vintem, 1801, 

SWEDEN. 

Ducat, 

SWITZERLAND. 

Pistole of Helvetic Republic, 1 800, 

TREVES. 

Ducat, 

TURKEY. 

Sequinfonduclijof Cons'ple, 1773, 
Sequinfonduclijof Cons'ple, 1789, 
Half Misseir, 1818, .... 

Sequin Fonducli, 

Yeermeeblekblek, . . . . 

TUSCANY. 

Zechino, or Sequin, .... 
Ruspone of kingdom of Etruria, 

VENICE. 

Zechino, or Sequm, shares in pro. 

WIRTEMBURG. 

Carolin, , . . . . , . . 
Ducat, 

ZURICH. 

Ducat, double and half in pro'n, 
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FOREIGN WEIGHTS AND MEASURES. 

The weights and measures of GREAT BRITAIN are 

the same as those of the United States, excepting the 
variations which are noted in the tables of ' Weights and 
Measures,' page 27. 



The weights and measures of PRANCE being more 
nicely adjusted than those of any other country, will be 
here given the more fully on that account. It is, however, 
to be observed, that these weights and measures are ac- 
cording to a new system^ not yet in very common use. 

The fundamental standard adopted in France for the 
metrical system of weights and measures, is a quadrant 
of the meridian; that is to say, the distance from the 
• equator to the north pole. This quadrant is divided into 
ten millions of equal parts, and one of these equal parts 
is called the Metre, which is adopted as the unit of 
length, and from which by decimal multiplication and 
division all other measures are derived. 

In order to express the decimal proportions, the fol- 
lowing vocabulary of names has been adopted. 

For multiphers,, 

the word Deca prefixed, means 10 times. 

" Hecto " " 100 times. 

" Chilo " " 1000 times. 

" Myria " '' 10000 times 
For divisors, 

the word Deci prefixed, expresses the 10th part. 

" Centi '' " ' 100th part. 

" Milli " " 1000th part. 

It may assist the memory to observe that the terms for 
multiplying are Greek, and those for dividing, Latin. 
Thus, Deca-metre means 10 Metres. 

Deci-metre " the 10th part of a Metre. 

Hecto-metre " 100 Metres. 

Centi-metre " the 100th part of a Metre; &c. 



k 



XXXVlll. WEIGHTS AND MEASURES. 



251 



French Long Measure. 

The Metre^ which is the unit of loDg measure, is equal 
to 39.871 English inches. 

= 1 centi-metre, 
= 1 deci-metre, 
= 1 Metre 
= 1 deca-metre, 
= 1 hecto-metre, 
10 hecto-metres =1 chilo-metre, 
10 chilo-metres =1 myria-metre. 

French Square ^Ieasure. 

The •jSre, which is a square deca-metre (or 100 square 
Metres), is the unit of square or superficial measure, and 
is equal to 3.953 English square rods. 



10 milli-metres 
10 centi-raetres 
10 deci-metres* 
10 Metres . • 
10 deca-metres 



10 milliares 
10 centiares 
10 deciares 
10 Ares 
10 decares 
10 hectares 
10 chilares • 



= 1 centiare; 
= 1 deciare; 
= 1 Are; 
^1 decare; 
= 1 hectare; 
= 1 chikure; 



= 1 myriare. 

French Measures of Capacity. 

The Lftrc, which is the cube of a decimetre, is the 
unit of all liquid measures, and of all other measures of 
capacity. The Litre is equal to 61.028 English cubic 



inches. 



10 millilitres . 
10 centilitres . 
10 decilitres . 
10 Litres 1 
10 decalitres . 
10 hectolitres 
1.0 chilolitres . 



= 1 centilitre; 
= 1 decilitre; 
= 1 Litre; 
= 1. decalitre; 
= 1 hectolitre; 
= 1 chiloKtre; 



= 1 myrialitre. 

French Solid Measure. 

The Stere^ which is a cube of the metre, is the unit of 
solid measure, that is used for fife-wood, stone, &c. 
The Stere is equal to 35.31714 English cubic feet; it is 
the same as the chilolitre in measures of capacity. 
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10 decisteres . =1 Stere; 
10 Steres . . =1 decastere. 

French Weights. 

The Gramme^ which is the weight of a cubic centi- 
metre of distilled water of the temperature of melting 
ice, is the unit of all weights. The Gramme is equal to 

15.434 grains Troy. GraineTroy 

A milligramme is 1000th part of a gramme, =3= 0.0154 
A centigramme is 100th part of a gramme, = 0.1543 
A decigramme is 10th part of a gramme, = 1.5434 
A GRAMME == 15.4340 

A decagramme is 10 granmies, = 154.3400 

A hectogramme is 100 grammes, == 1543.4000 

Achilogramme is 1000 grammes, = 15434.0000 

A rayriagramme is 10000 grammes, =1 54340.0000 

All the preceding French weights and measures are de- 
duced from some decimal proportion of the metre. Thus 
the chilogramme corresponds with the contents of a 
cubic vessel of pure water at the lowest temperature, the 
side of which vessel is the tenth part of the metre (the 
decimetre) , and the gramme answers to the like contents 
of a cubic vessel, the side of which is the hundredth part 
of the metre (the centimetre); for the contents of all 
cubic vessels are to each other in the triplicate ratio of 
their sides. 



100 lb. of HAMBURGH =106.8 lb. avoirdupois. 

The shipfund is 280 lb. =299 lb. avoirdupois. 

1 foot, Hamburgh =11.289 inches, U. S. 

The Hamburgh ell is 2 feet =22.578 inches, U. S. 

The Hamburgh mile =4.684 miles, U. S. 

The fass of Hamburgh = 1.494 bushel of U. S. 

The last of grain is 60 fasses =89.64 bushelsof U. S. 

The ahm of Hamburgh =38.25 gallons, U. S. 

100 lb. of AMSTERDAM =108.93 lb. avoirdupois. 

4 shipfunds is 1 ship-pound =326.79 lb. avoirdupois. 

The Amsterdam last =85.248 bushels, U. S. 
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The Aam (liquid) 
The Amsterdam foot 
The ell of Amsterdam 
The ell of the Hague 
The ell of Brabant 

1001b. of PORTUGAL 
An arroba is 32 lb. 
The moyo, a dry measure 
The almude, a liquid measure 
The pe or foot, long measure 
The palmo or standard span 
The vara is 5 palmos 
The Portuguese mile 

100 lb. of SPAIN 

The arroba of wine 
The fanega, ^^ of a cahiz 
The Spanish standard foot 
The vara, a cloth measure 
The legua or league 



=41 gallons, U. States. 
= 11.147 inches, U. S. 
=27.0797 inches, U. S. 
=27.333 inches, U. S. 
=27.585 inches, U. S. 

= 101.19 lb. avoirdupois. 
= 32.38 lb. avoirdupois. 
=23.03 bushels,. U. S. 

=4.37 gallons, U. S. 

= 12.944 inches, U. S. 

=8.64 inches, U. S. 

=43.2 inches, U. S. 

= 1.25 mile, U. S. 

= 101.44 lb. avoirdupois. 
=4.245 gallons, U. S. 
= 1.599 bushels, U. S. 
= 11.128 inches, U. S. 
=33.384 inches, U. S. 
=4.291 miles, U. S. 



1001b. victualie, of SWEDEN 

The Swedish foot 

The Swedish ell is 2 feet , : 

The Swedish mile 

The kann, (both dry and liquid): 

100 kanns 

100 kanns 

100 lb. of RUSSIA 

400 lb. make 1 berquit = 

A pood is 40 lb. Russian = 

A chetwert, a dry measure, = 
The vedro, a liquid measure, = 
The Russian inch 
The Russian foot 
The arsheen, a cloth measure, = 
The sashine or fathom = 

A werst or Russian mile = 

« 22 



= 93.76 lb. avoirdupois. 
= 11.684 inches, U. S. 
=23.368 inches, U. S. 
=6.64 miles, U. S. • 
:159f cubic in. U. S. 
:69.09 galls. wine,U. S. 
=7.42 bushels, U. S. 

90.26 lb. avoirdupois. 
361.04 lb. avoirdupois. 
: 36. 1054 lb. avoir's. 
:5.952 bushels, U. S. 
=3.246 gallons, U. S. 
:1 inch, U. S. 
13.75 inches, U. S. 
28 mches, U. S. 
:7 feet, U. S. 
3500 feet, U. S. 
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lOOlb. of PRUSSIA 

The quintal is 110 lb. 

The scheffel, a dry measure, = 

The eimer, a liquid measure, = 

The Prussian foot = 

The Prussian ell = 

The Prussian mile = 

100 lb. DENMARK, 

The centner is 100 lb. = 

The shippond is 320 lb. 
The bbl.or toende, a dry meas. = 
The viertel, a liquid measure. = 
The Danish or Rhineland foot = 
The Danish ell is 2 feet = 

The Danish mile = 

A cantaro grosso, NAPLES, = 
The cantaro piccolo = 

The tomolo, a dry measure, = 
The carro is 36 tomoli = 

The barile, a liquid measure, = 
The carro of wine is 24 barili = 
The palmo, long measure, = 
The canna is 8 pal mi . = 

100 lb. orlibras, SICILY, 

The cantaro grosso 

The cantaro sottile 

The salma grossa, a dry measure. 

The salma generale 

The salma, a Hquid measure. 

The palmo, a long measure. 

The canna is 8 palmi 

1001b. of LEGHORN, 
The sacco, a dry measure, 
The barile, a liquid measure, 
155 braccia, cloth measure, 
The canna of 4 braccia 



: 103. 11 lb. avoirdupois. 
:113.421 lb. avoir's. 
: 1.5594 bushel, U. S. 
= 18.14 gallons, U. S. 
= 12.356 inches, U. S. 
:26.256 inches, U. S. 
=4.68 miles, U. S. 

:110.281b- avoir's. 
:110.281b. avoir's. 
=352.896 lb. 
3.9472 bushels, U. S. 
2.041 gallons, U. S. 
12.356 inches, U. S. 
24.712 inches, U. S. 
4.684 miles, U. S. 

: 196.5 lb. avoirdupois. 
:1061b. avoirdupois. 
: 1.451 bushels, U. S. 
= 52.236 bushels, U. S. 
= 11 gallons. U. S. 
=264 gallons. U. S. 
= 10.38 inches, U. S. 
= 83.04 inches, U. S. 

=70 lb. avoirdupois. 
= 192.5 lb. avoirdupois. 
= 175 lb. avoirdupois. 
=9.77 bushels, U. S. 
=7.85 bushels, TJ. S. 
=23.06 gallons, U. S. 
= 9.5 inches, U. S. 
= 76 inches, U. S. 

=75 lb. avoirdupois. 
=2t^^ bushels, U. S. 
= 12 gallons, U. S. 
= 100 yards, U. S. 
= 93 inches, U. S. 
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100 lb. peso grosso of GENOA, = 
100 lb. peso sottile = 

The mlna, a dry measure, = 

The mezzarola, liquid measure, = 
The palmo, long measure, = 

The braccio is 2^ palmi = 

100 lb. peso grosso, VENICE, = 

100 lb. peso sottile = 

The stajo, a dry measure, = 

The moggio is 4 staja = 

The bigoncia, liquid measure, = 

The anfora is 4 bigonzi. = 

The braccio for woollens, = 

The braccio for silks = 

The Venetian foot = 

1001b. of TRIESTE^ 

The stajo, dry measure, = 

The oma, or eimer, liquid = 

The ell for woollens = 

The eU for silks ^ 

The Austrian mile = 

1001b. or libras, ROME, 

The rubbio, dry measure, = 

The barile, liquid measure, ^ 

The Roman foot = 

The mercantile canna = 

The Roman pile = 

100 lb. or 100 rottoli, MALTA,: 
The salma, dry measure. 
The foot of Malta 
The canna is 8 palmi 

The cantaro, kintal, SMYRNA,= 
The oke or oka = 

The killpw, dry measure, . = 
The pic, long measure. 



76.876 lb. avoir's. 
69.89 lb. avoir's. 
: 3.426 bushek, U. S. 
39.22 gallons. U. S. 
9.725 inches, U. S. 
: 22.692 mches, U. S. 

= 105.18 lb. avoir's. 
=66.4 lb. avoir's. 
=2.27 bushels, U. S.. 
=9.08 bushels, U. S. 
=34.2375 galls. U. S. 
= 136.95 galls. U. S. 
=26.61 inches, U. S. 
=24.8 inches, U. S. 
= 13.68 inches, U. S. 

: 123.6 lb. avoirdupois. 
:2.344 bushels, U. S. 
: 14.94 gallons, U. S. 
:26.6 inches, U* S. 
:25.2 inches, U. S. 
:4. 6 miles, U. S. 

74.77 lb. avoirdupois. 
=8.356 bushels, U. S. 
= 15.409 galh. U. S. 
= 11.72 inches, U. S. 

=78.34 inches, U. S. 
=7.4 furlongs, U. S. 

= 174.5 lb. avoirdupois. 
=8.221 bushels, U. S. 
= 11^ inches, U. S. 
= 81.9 inches, U. S. 

= 129.48 lb. avoirdupois. 
=2.833 lb. avoirdupois. 
= 1.456 bushels, U. S. 
=27 inches, U. S. 
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A factory maund of BENGAL, = 
A bazar maund, = 

The haut or cubit = 

The guz = 

The C09S or mile , = 

The maund of BOMBAY, 
The candy is 20 maunds = 

A bag of rice weighs 6 maunds = 
The candy, dry measure. 
The haut or covid 

The maund of MADRAS, 

The candy is 20 maunds = 

The baruay, a Malabar weight, = 

The garee, dry measure, = 

The covid, long measure, = 

The pecul of CANTON, 

The catty islOOth part of a pecul,\ 

The covid or cobre, long meas. : 

The pecul of JAPAN, 

The catti is lOOth part of a pecul, : 

The inc or tattamy, long meas. = 

ThebaharofBENCOOLEN, = 
The bamboo, liquid measure, = 
The coyang is 800 bamboos = 

Thebaharof ACHEEN, 
The maund of rice = 

The loxa of betel nuts - 

The loxa of nuts (when good) 

ThepeculofBATAVIA, 
33kannes, liquid measure, = 

The ell, long measure, = 



74f lb. avoirdupois. 
82^ylb. avoirdupois. 
1 Benches, U. S. 
:1 yard U. S. 
: 1.238 miles U. S. 

:281b. avoirdupois. 
: 560 lb. avoirdupois. 
= 168 lb. avoirdupois. 
=25 bushels, U. S. 
= 18 inches j U. S. 

=25 lb. avoirdupois. 
: 500 lb. avoirdupois. 
:482.251b. avoir's. 
= 140 bushels, U. S. 
:18 inches, U. S. 

= 133^ lb. avoirdupois. 
= 1.333 lb. avoirdupois. 
= 14.625 inches U. S. 

= 130 lb. avoirdupois. 
= 1.3 lb. avoirdupois. 
= 6.25 feet, U. S. 

= 560 lb. avoirdupois. 
:1 gallon, U.' S. 
: 800 gallons, U. S. 

^423.425 lb. avoir's. 
=75 lb. avoirdupois. 
= 10000 nuts. 
= 1681b. avoirdupois. 

: 135}!^ lb. avoirdupois. 
: 13 gallons, U. S. 
=27 inches, U. S. 



The candy of G L M B , == 500 lb . avoirdupois . 
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XXXIX. 

MENSURATION. 

Mensuration is tbe art or practice of measuring, 
and has primary reference to the nieasurenient of super- 
ficies and solids. 

Mensuration involves a knowledge of Geometry; and, 
as that science is not the object of this work, we shall 
confine our exercises under this head to those measure- 
ments, which are most likely to be useRil in the ordinary 
concerns of life. 

SUPERFICIES OR SURFACE. 

It has already been taught, that surfaces are measured 
in squares, and that the area of any square figure, or any 
parallelogram is found by multiplying together the lengui 
and breadthof thefigure. For observations on thesquare 
fuid parallelogram, see page 162. 

Arbi op a Rhombus. A rhom- 
bus is a figure with four equal 
sides, having two of its angles 
greater, and two less than the 
angles of a square. The greater 
angles are called obtuse angles, 
,and the smaller, acute angles. 

To find the area of arhombus,/rs( drop a perpendicular 
from one of the obtuse angles to the opposite side, then 
multiply the side by the perpendicular. 

I . How many square feet are there in a flooring, the 
form of which is that of a rhombus, measuring 15 feet on 
ihe side, and 12.5 feet in the perpendicular.' 

Areaof A Rhomboid. A rhom- 
boid is a figure with four sides, 
which are not all equal, but 
whose opposite sides are equal, 
and whose opposite angles are ' 
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equal, having, like a rhombus, two obtuse, and twoacute 
angles. To find the area of a rhomboid, drop a perpen- 
dicular from one of the obtuse angles, to the opposite longer 
tide, and mulliply Ike longer side by the perpendicular. 

2. What is the area of a rhomboid whose longer side 
is 18.76 feet, and whose perpondicular is 9.25 feet ? 

Area of Triangles. . It 
is obvious, that a right-angled 
triangle contains just halT as 
much surface as would be con- 
tained in a square or parallelo- 
gram, two of whose sides are 
lormed by the base and perpen- 
dicular of the triangle. Therefore, the area of a right' 
angled triangle is found, by multiplying together either 
the base and half the perpendicular, or, the perpendicular 
and half the base. 

3. How many squai'c rods of land are there in a lot, 
which is laid out in a right-angled triangle, the base mea- 
suring 19 rods, and the perpendicular 15 rods ? 

4. How many acres of land in a lot, whose form is that 
of a right-angled triangle, the base measuring 113 rods, 
and the perpendicular 75 rods .' 



An Equilateral triangle is 
a triangle whose sides are all 
equal — such is the first of the 
two triangles adjoined. An 
obtuse-angled ti'iangle Js that 
which has one obtuse angle 
— such is the second of the 
triangles adjoined. Whatever 
may be die form of a triangle, 
if it have not a right angle, it 
must be cut into two right- 
angled triangles before it can 
be measured: and this is done 
by dropping a perpendicular 
from the opposite angle to the 
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base. 'The area is then found by multiplying together the 
base and half the perpendiculavy or, the perpendicular 
and half the base. 

5. How many square inches in a triangle, whose base 
is 17^ inches, and whose perpendicular height is llf 
inches ? 

6. How many square feet in a board 18 feet long, 16 
inches wide at oae end, and tapering to a point at the 
other end ? 

7. How many square feet in a plank 14 feet long, 17 
inches wide at one end, and 10 inches wide at the other 
end ? 

In this example, add the width of the two ends together, 
and take half the sum for one of the factors. 

Arka op Circles. To find the area of a circle, 
multiply the circumference by half the diameter^ and 
divide the product by 2. When either the circumfer- 
ence, or the diameter is the only dimension known, the 
other dimension may be found, as stated in page 173. 

8. What is the area of the head of a cask, the diameter 
of which is 18 inches f 

9. Suppose a cylinder to measure 3 feet in circum- 
ference; what is the area of one end ? 

Area of Globes. To find the convex area of a 
globe or sphere, multiply the circumference and diameter 
together. When the diameter is not known, it may be 
found from the circumference, as stated in page 173. 

10. How many square inches are there on the surface 
of a globe, whose circumference is 14 inches ? 

1 1 . Suppose the earth to be 26020 miles in circum- 
ference, what must be the area of its whole surface ? 



SOLIDS AND CAPACITIES. 

It has already been taught, that solids and capacities are 
measured in cubes. It has also been shown, that^the 
contents of any thing having six sides — its opposite sides 
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being equal, and all its angles being right angles — are 
found by multiplying together the length, and breadth, 
and depth of the thing. 

Solidity of Wedges. To find the solid contents 
of a wedge, firsts find the area of the head or end of the 
wedge, and then multiply this area by half the length. 

12. How many solid inches are there in a wedge, 12 
inches long, 3 inches wide, and 1^ inch thick at tlie head? 

13. What are the solid contents (in feet and inches) 
of a plank, 15 feet long, 17 inches wide, 2\ inches thick 
at one end, and the thickness tapering to nothing at the 
other end ? 

14. What are the solid contents of a stick of hewn 
timber, measuring in length 13 feet, in breadth 2ft. 4in., 
in depth 2 feet at one end, and 1 ft. Gin. at the other end ^ 

In this example, add the depth of the two ends together, 
and take one half of the sum for the depth to be used 
m the multiplication. 

Solidity of Prisms. A prism is a 
body with two equal ends, which are 
either square, triangular, or polygonal, 
and three or more sides, which meet in 
parallel lines, running from the several 
angles of one end to those of the other. 
The adjoined is a representation of a 
triangular prism. 

The solid contents of prisms of all 
kinds, whether square, triangulai*, or 
polygonal, are found by one general rule, 
viz. Find the area of the end or base, and multiply this 
area by the length or height. 

15. How many cubic inches are there in a triangular 
prism, which is 16 inches in length, the ends measuring 
1.2 inches on a side, and 1.01 inches perpendicular.^ 

16. How many cubic feet are there in a stick of tim- 
ber 18 feet long, hewn 3 square, the ends forming equi- 
lateral triangles of 10 inches side, and 8.7 inches perpen- 
dicular ? 
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SoLEDiTiT OF CYLINDERS. A Cylin- 
der is a round body, the two ojlposite 
sides, or ends of which, are circular 
planes, equal, and parallel. For instance, 
a stick of round limber of uniform cir- 
cumference, having its ends sawed at 
right angles with its length, is a cylinder: 
also, a common grindstone is a cylinder. 
To find the solid contents of a cylinder, 
first, find the area of one end, and then j 

iMiUiply thU area by the length. 

17. What are the solid contents of a cylinder whose 
length is 5 feet, and circumference 6.4 feet ? (To find 
the diameter, see page 173.) 

18. What are the contents of a cylinder whose length 
is 3 feet, and diameter 10 inches ? 

SoLiDiTi OF PrRAHiDs. Sollds, whlch decrease 
gradually from the base, till they come to a point, are 
called pyramida. They are of different kinds, according 
to the figure of their bases. If the pyramid has a square 
base, it is called a square pyramid; if a triangular base, a 
triangular pyramid; if the base be a circle, a circular 
pyramid, or a Cone. The point in which the pyramid 
ends is called the vertex. A line through the centre of 
the pyramid, from the vertex to the base, is the height. 

The Frustrum of a pyramid is what remains, after any 
portion of the top has been cut 6ff, parallel to the base. 




962 ARITHMETIC. XXXIX. 

To find the cubical contents of a pyramid, first find 
the area of the base^ then multiply this area by one-third 
of the height- 

19. How many cubic inches are there in a square 
pyramid, 3 feet in height, and 9 inches square at the 
base ? 

20. How many cubic inches are there m a triangular 
pyramid, measuring 4 feet in height, 12 inches on each 
side of the base, and 10.4 inches from either angle of the 
base perpendicular to the opposite side ? 

21. How many cubical inches in a cone, the height 
of which is 19 inches, and the diameter of the base 12 
inches ? 

SoLiDiTir OP Frustrums. To find the cubical con- 
tents of the frustrum of a square pyramid, multiply the 
side of the base by the side of the topy and to the product 
add one-third of the square of the difference of the sidesy 
and the sum will be the mean area between the two ends. 
Multiply the mean area by the height^ and the product 
will be the cubical contents. 

To find the cubical contents of the frustrum of a Cone, 
multiply together the diameters of base and top^ and to 
the product add one-third of the square of the difference 
of the diameters; then multiply this sum by .7854, and 
the product will be the mean area between the two ends. 
Multiply the mean area by the height^ and the product 
will be the cubical contents. 

22. How many cubical inches in the frustrum of a 
square pyramid, 20 inches in height, 12 inches square at 
the base, and 5 inches square at the top ? 

23. How many cubic feet in a stick of hewn timber, 
18 feet long, 16 inches square at one end, and 12^ inches 
square at the other end ? 

24. How many cubic inches are there in the frustrum 
of a cone, measuring 3 feet in height, 16 inches in diam- 
eter at the base, and 6 inches in diameter at the top ? 

25. How many gallons of water can be contained in a 
round cistern, 6 feet in height, 4 feet in diameter at the 
bottom, and 3^ feet in diameter at the top ? (Allow 231 
cubic inches to the gallon.) 
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Solidity of Globes. To find the cubical contents 
of a globe or sphere, firsts find the convex area^ as before 
directed, then multiply the area by one-sixth of the diam- 
eter; the product will be the cubical contents, 

26. What are the cubical contents of a globe measuring 
26 inches in circumference ? 

27. How many cubic miles does the earth contain, 
allowing its circumference to be 25020 miles ? 

Solidity of Irregular Bodies. The cubical 
contents of a body, which cannot be reduced to regular 
geometrical form may be found as follows. Immerse it 
in a vessel partly full of water; then the contents of that 
part of the vessel filled by the rising of the water will Be 
the contents of the body immersed. 

28. How many cubic inches are thei:e in a lobster, 
which, being immersed in a bucket 10 inches in diameter 
at top and bottom, raises the water 3 inches ? 

iSAUGlNG OF CASKS. 

Although the difficulty of getting the true dimensions 
of the mterior of casks, and the variety of their curve, 
must prevent perfect accuracy in their mensuration, yet, 
by careful observation in taking the dimensions, a result 
may be had, which will be sufficiently correct for all com- 
mon purposes. 

rule. Take the interior length of the cask, the diame- 
ter at the bung, and the diameier at the head, all in 
inches. Subtract the head diameter from the bung 
diameter, and note the difference. 

If the staves of the cask be much curved between the 
bung and head, multiply, the difference noted by .7; if 
but LITTLE curved, by .6; or, if they be of a medium 
curve, by .65; and add the product to the head diameter; 
the sum is the mean diameter, and thus the cask is re- 
duced to a cylinder. 

Square the mean diameter, and multipltfthe square by 
the length of the cask; then divide this product by ^^^t 
and the quotient will be the number of wine gallons, which 
the cask may contain. 
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It may b^ observed, that when a cask is reduced to a 
cylinder^ its contents may be found in cubical mches, 
and thence its contents in bushels, or any other of the 
measures of capacity. 

The length of the cask is most conveniently taken by 
callipers; allowing for the thickness of both heads, from 
1 to 2 inches, according to the size of the cask. When 
no callipers can be had, the length of the stave must be 
taken in a right line^ and a proper deduction made for 
the chimes, with that for the heads. The head diameter 
is to be taken within the chimes, and from .3 to .6 of an 
inch must be deducted, on account of the greater thick- 
ness of the stave inside the head. 

29. How many gallons will a cask contain, the interior 
of which measures 34.5 inches in length, 19 inches in 
diameter at the bung, and 16 inches in diameter at the 
head; the staves being much curved ? 

30. How many gallons will a cask contain, the dimen- 
sions of which are 43 inches in length, 31.4 inches bung 
diameter, and 26 inches head diameter; the staves being 
but little curved ? 

31. Find the capacity of a cask measuring 62 inches 
in length, 33.5 inches bung diameter, 25.3 inches head 
diameter, and of medium curve between the bung and 
head. 



TONNAGE OF VESSELS. 

There are two methods of measuring a vessel practised 
—one by the ship-carpenter, who builds the vessel at a 
certain price per ton, and another by the officers -of gov- 
ernment, who collect the revenue. 

CARPENTERS' RULE. For siugle-decked vessels^ muU 
tiply together the length of the keel^ the breadth at the 
main beamj and the depth of the hold — all in feet — and 
divide the product by 95; the product isthetonnage^ For 
double-decked vessels, take half the breadth at the beam 
for the depth of the hold, and work as before* 

When a single-decked vessel has its deck bolted at any 
height above the wale, the carpenter is usually paid for 
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one-half of this extra height; that is, one-half of the height 
above the wale is added to the depth below the wale, and 
this sum is used in the calculation, as the depth of the 
hold. 

GOVERNMENT RULE. ^' If the vessel be doubh-decked^ 
take the length thereof from the fore part of the main 
stern^ to the after part of the stern-post^ above the upper 
deck; the breadth thereof at the broadest part above the 
main wales, half of which breadth shall be accounted the 
depth of such vessel, and then deduct from the length, 
three-fifths of the breadth, multiply the remainder by the 
breadth and the product hy the depth, and divide this 
last product by 95, the quotient whereof shall be deemed 
the true conients or tonnage of such ship or vessel; and if 
such ship or vessel be single-decked, take the length and 
breadth, as above directed, deduct from said length three- 
fifths of the breadth, and take the, depth from the under 
side of the deck plank to the ceiling in the hold, then 
multiply and divide as aforesaid, and the quotient shall 
be deemed the tonnage.'*' 

32. What is the carpenter's tonnage of a single-decked 
vessel, the keel of which measures 60 feet, the breadth 
20 feet, and the depth 8 feet ?, 

33. What is the carpenter's tonnage of a double-decked 
vessel of 72 feet keel, and 22.5 feet breadth ? 

34. A merchant agreed with a carpenter to build a 
single-decked vessel of 58 feet keel, 20 feet breadth at 
the beam, and 8 feet hold, but afterwards chose to make 
the hold 10 feet deep, by raising the deck 2 feet above 
the wale. What tonnage must be paid for ? 

35. What is /he government tonnage of a double-decked 
vessel, .110.5 feet keel, and 30.6 feet breadth at the 
beam ^ 

36. What js the government tonnage of a single-decked 
vessel, which measures 76.4 feet in length, 28.6 feet in 
breadth, and 12.3 feet in depth .'' 

37. What is the government tonnage of a single-decked 
vessel, whose length is 66 feet, breadth 20 feet, and depth 
9 feet ? 

23 
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XL. 

MECHANICAL POWERS. 

The MECHANICAL POWERS are certain simple instru- 
ments employed in raising greater weights, or overcoming 
greater resistance than could be effected by the direct 
application of natural strength. They are usually ac- 
counted six in number; viz. the Lever ^ the Wheel and 
Axhy the Pulley^ the Inclined Plane^ the Wedge, and 
the Screw, 

The advantage gained by the use of the mechanical 
powers, does not consist in any increase of the quantum 
of force exerted by the moving aglent, but, in the concenr 
tration of force; that is, in bringing the whole force of a 
power acting through a greater space, into an action 
within a less space. The principle is illustrated by the 
consideration, that the quantum of force necessary to raise 
1 pound 10 feet, will raise 10 pounds 1 fo.ot. 

Weight and Power, when opposed to each other, sig- 
nify the body to be moved and the body that moves it. 

THE LEVER. 

A lever is any inflexible 
bar, which serves to raise 
weights, while it is support- 
ed at a point, which is the 
centre of its motion, by a 
fulcrum or prop. There are several kinds of lever used 
in mechanics; the more common kind, however, is that 
which is shown above. 

•Ss the distance between the weight and fulcrum is to 
the distance between the power and fulcrum, so is the 
power to the weight. 

It must be observed, that, in the above proportion, and 
in all the succeeding proportions of weight and power, 
the power intended is only sufficient to balance the weight. 
If the weight is to be raised, sufficient power must be 
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added to overcome friction; then any further addition of 
power will produce motion; and the comparative velocity 
of the weight and power, will depend on the comparative 
length of the tvro arms of the lever. It is a universal 
principle in mechanics, that the ratio of the power to the 
weight is equal to the ratio of the velocity of the weight 
to the velocity of the power. 

1. If a man weighing 160 pounds rest on the end of a 
lever 10 feet long, what weight will he balance on the 
other end, the fulcrum being 1 foot from the weight ? 

In this example, the distance between the weight and 
fulcrum being 1 foot, that between the power and fulcrum 
is 10—1=9 ft. Then 1ft. : 9ft.=160lb. : A 

2. Suppose a weight of 1440 pounds is to be raised 
with a lever 10 feet long, the fulcrum being fixed 1 foot 
from the weight; what power must be applied to the other 
end of the lever, to effect a balance ^ 

(9ft. : lft.= 14401b. : A) 

3. If a weight of 1440 pounds be placed 1 foot from 
the fulcrum; at what distance from the fulcrum must a 
power of 160 pounds be placed, to balance the weight? 

(1601b. : 1440lb.=lft. : A) 

4. At what distance from a weight of 1440 pounds must 
the fulcrum be placed, so that a power of 160 pounds^ 
applied 9 feet from the fulcrum, will effect a balance ? 

(14401b. : 160lb.= 9ft. : A) 

5. If one arm of a lever be 44 feet, and the other 5 
feet, what power must be applied to the longer arm, to 
balance a weight of 500 pounds on the shorter arm ? 

6. Suppose a lever 6 feet long, whh one end applied 
to a rock, which weighs 1000 pounds, and resting on a 
fulcrum 1^ foot from the rock; what power must be ap- 
plied to the other end, to balance the rock ? 

7. Suppose a bar 12 feet long to have 60 pounds at- 
tached to one end, and 30 pounds to the other, at what 
distance from each end must a fulcrum be placed, to 
produce a balance ? 

8. If A and B carry a weight of 250 poimds, suspended 
upon a pole between them, 5 feet from A, and 3 feet 
from B, how many pounds does each carry ? 
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THE WHEEL AND AXLE. 

Tne wheel and axle are 
here represented, with the 
Height atlached to the cir- 
nimference of the axle, and 
the power applied to the cir- 
rumferenceof thewheel. The 
principle of the lever is ob- 
vious in the wheel and axle — 
the axi^ or common centre 
being the fulcrum, the circum- 
ference of the wheel being the 
power end of the lever, and 
the circumference of the axle, L 

the end applied to the weight. Hence, the radius of the 
axle is to the radius of the wheel, as the power is to the 
weight: or, by a statement more frequently convenient — 

As the diameter of the axle is to the diameter of the 
icheel, so is the power to the weight. 

9. A mechanic would make a windlass in such manner, 
that 1 pound applied to the wheel, shall he equal to 10 
pounds suspended from the axle. Now, supposing the 
axle to be six inches in diameter, what must be the diam- 
eter of the wheel ? 

10. Suppose the diameter of a wheel to be 8 feet, what 
must be the diameter of the axle, that I pound on the 
wheel shall balance 15 pounds on the axle.^ 

1 1 . Suppose the diameter of an axle to be 4 inches, 
and that of the wheel 3 feet; what power at the wheel 
will balance 28 pounds at the axle ? 

12. If the diameter of a wheel be 7 feet, and that of 
the axle S inches, what weight at the axle will balance 
40 pounds at the wheel .' 

13. There are two wheels; one of which is 6 feet in 
diameter, with an axle of 9 inches diameter ; and the other 
is 4 feet in diameter, with an axle of 7 inches diameter. 
Suppose the power cord of the smaller wheel to be coiled 
upon the axle of the larger; what weight on the axle oF 
the smaller wheel would be balanced 100 at the power 
cord of the larger wheel ? 
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THE PULLEY. 

A pulley b a small wheel, q 
which turns od an axis pass- 
ing through its centre and 
fixed in a block, receiving 
its motion from a cord, that 
passes round its circumfer- 
ence. The pulley is either 
single or combined : it is also, 
either fixed, or movable. If 
a power sustain a weight by 
means of a single, fixed pul- 
ley — a cord passing over it, 
with the weight attached to 
one end and the power to the 
otlier — the power and weight 
are equal: and if the pulley 
be put in motion, thevelocity 
of the power, and the veloci- 
ty of the weight will also be equal. But, if the fixed 
pulley be combined with one movable pulley — as repre- 
sented in the first set of pulleys above — the weight Is 
equal to twice the power which sustains it; and if the 
pulley he put in motion, the velocity of the power will he 
equal to twice the velocity of the weight. Thus, every 
cord going over a movable pulley, adds 2 to the powers, 
and hence, in a system of pulleys, we have the following 
proportion. 

^s 1 t« lo twice the number of movable pulleys, so is 
the power to the weight. 

14. In the second set of pulleys represented above, 
three of the pulleys are fixed, and three are movable. If 
a power of 45 pounds were applied to the cord, what 
weight would it balance.' 

16. What power must be applied to a cord that runs 
over 2 movable pulleys, in order to balance a weight of 
800 pounds .' 

16. What power must be applied to a cord that runs 
over 6 movable pulleys, to balance a weight of 3000 
pounds .' 33* 
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17. If a cord, which runs over 3 movable pulleys, be 
attached to an axle 4 inches in diameter, the wheel of the 
axle being 38 inches in diameter, and a power of 20 
pounds be exerted at the circumference of the wheel, 
what weight would be raised under the pulleys ? 

THE INCLINED PLANE. 

An inclined plane is a plane 
making an angle with the hori- 
zon. For instance, a plank 
presents an inclined plane, 
when one end is resting upon 
the level ground, and the other 
end is raised to any height less 
than that which would render it vertical. A convenient 
use of the inclined plane is exemplified in rolling casks 
from a cellar, upon sloping pieces of timber, or planks. 

On an inclined plane^ as the perpendicular height of 
the plane is to the length of the plane ^ so is the power to 
the weight. 

18. A certain inclined plane is 16 feet in length, and 7 
feet in perpendicular height. What weight might be 
drawn up this plane,, by a power, which, if exerted on a 
cord over a single, fixed pulley, would raise 25 pounds ? 

19. What power would be necessary to sustain a roll- 
ing weight of 1000 pounds, upon an inclined plane of 75 
feet length, and 38 feet perpendicular height ? 

20. What must be the length of an inched plane, whose 
perpendicular height is 15 feet, that the exertion of the 
power of 42 pounds* shall draw up"200 pounds ? 

21. On a rail-road, there is an inclined plane of 80 
rods in length, rising to a perpendicular height of 50 feet. 
What power must be exerted on the summit, to draw up 
a train of cars weighing 62000 pounds ? 

22. Suppose a set of pulleys, 3 of which are movable, 
to be applied to a weight upon an inchned plane of 50 
feet length, and 14 feet perpendicular height; what weight 
upon the plane, would be sustained by 40 pounds at the 
power cord of the pulleys ? 
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THE WEDGE. 

The wedge may be viewed 
as a moving inclined plane; the 
head of the wedge, where the 
power is apphed, answering 
to the perpendicular height 
of the plane. In the wedge, 
however, the inclined jilane is 
double, and the force produced 
by its advance is divided into 
two equal parts, acting ai right angles with each side. 

^s (Ae breadth of the head of a wedge is to the length 
■ of its side, so is the power acting against the head, to the 
force produced at the side. 

Observe, that the force mentioned in the above pro- 
portion, respects one side of the wedge, only. If the 
forces against both sides be required, then, only half the 
breadth of the head must be tslten into the proportion. 

In the common mode of applying the wedge, the fric- 
tion against the sides is very great — at least equal to the 
force to be overcome. Therefore, not less than one-half 
of the power is lost; and for this loss there is no allow- 
ance made in the above proportion. The wedge, how- 
ever, has a great advantage over all the other mechanical 
powers, arising from the force of percussion or blow with 
which the head is struck, by a mallet. The power thus 
obtained is incomparably greater than that of any dead 
weight or pressure, such as is 6ommonly employed on 
other instruments. 

23. Suppose a power of 50 pounds to be applied to a 
wedge, (he head of which is 2 inches broad, and the side 
12 inches long, what weight of force would be effected 
on either side; if there were no friction to resist .' 

24. If a force of 1000 pounds is to be effected on the 
side of a wedge, that is 14 inches long, and 3 inches 
broad at the head, what power must be applied to the 
head; allowing nothing for friction^ Again, allowing the 
friction, which is to be overcome, to be equal to the 
force effected, what power will be necessary.' 
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THE SCREW. 

The screw is a spiral thread 
or grobve, cut round a cylin- 
der, and every where mak- 
ing the same angle with the 
length of the cylinder. In 
one round of the spiral, it rises 
along the cylinder, the dis- 
tance between two threads. 
Therefore, if the surface of 
the cylinder, with the spiral 
thread on it, were unfolded 
and stretched into a plane, 
the spiral would form a 
straight inclined plane, whose lengtli would be to its 
height, as the circumference of the cylinder is to the dis- 
tance between two threads of the screw. The inclined 
plane being thus recognised in the screw, the following 
proportion is obvious. 

As the distance between two threads of a screw is to 
the circumference of the circle described by one revolu- 
tion of the power ^ so is the power to the weight. 

The length of the lever to which the power is applied, 
being one-half of the diameter of the circle round which 
the power revolves, the circumference may be found from 
the lever, as taught in page 173. 

In the common use of the screw, about one-third of 
the power is expended in overcoming friction; and for 
this loss, no allowance is made in the above stated pro- 
portion. 

25. If the threads of a screw be I inch apart, and a 
power of 50 pounds be exerted at the end of a lever 70 
inches long, what weight of force will be produced at the 
end of the screw; allowing nothing for friction. 

26. If the threads of a screw be .2 of an inch apart, 
and a power of 40 pounds be exerted at the end of a 
lever 30 inches long, what will be the force at the end 
of 'the screw; allowing \ of the power to be lost in over- 
coming friction ? 
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27. Suppose a power of 48 pounds is to be employed 
to effect the weight of 5000 pounds, by means of a screw, 
whose threads are 1.3 inches apart; what must be the 
length of the lever; allowing ^ of the power to be lost in 
overcoming friction ? 

28. Suppose the end of a screw, whose threads are 
.8 of an inch apart, and whose lever is 7ft. long, to be set 
upon a wedge, that is 15in. longatthe side, and 2 inches 
broad at the head; what weight of force would be effected 
on either side of the wedge, by applying 100 pounds' 
power to the lever; allowing ^ of the force on the screw, 
and ^ of that on the wedge to be lost in friction ? 



XLI. 

MISCELLANEOUS QUESTIONS. 

1 . What vulgar fraction is that, which being multiplied 
by 15, will produce f ? 

2. What decimal fraction is that, which being multi- 
plied by 15, will produce .75 ? 

3. What quantity is that, which being divided by |, 
gives the quotient 21 ? 

4. What vulgar fraction is that, from which if you take 
I, the remainder will be ^ ? 

5. What vulgar fraction is that, to which if you add f, 
the sum will be | ? 

6. What quantity is that, which being multiplied by f , 
produces the fraction \ ? 

7. What quantity is that, from which if you take f of 
itself, the remainder will be 12 ? 

8. What quantity is that, to which if you add f of -^^ 
of itself, the sum will be 61? 

9- A fai'mer carried to market a load of produce, con- 
sisting of 7801b. of pork, 2501b. of cheese, and 1541b. 
of butter; he sold the pork at 6 cents, the cheese at 8 
cents, and the butter at 15 cents per lb,; and agreed to 
take in pay, 60lb. of sugar at 10 cents per lb., 15 gallons 
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I 

of molasses at 40 cents a gallon, ^ barrel of mackerel at 
$3.50, 4 bushels of salt at 90 cents a bushel, and the 
balance in cash. How much money did he receive ? 

10. A and B commenced business with equal sums of 
money; A gained a sum equal to ^ of his stock, but B lost 
$ 200, and then had only half as much as A. What was 
the original stock of each ? 

11. A man was hired for a term of 60 days on condi- 
tions, that for every day he worked he should receive 
75 cents, and for every day he was idle he should pay 25 
cents for his board; at the expiration of the time, he was 
entided to $ 27.50. How many days was he idle ? 

12. A and B have the same income; A saves^of his; 
but B, by spendmg $30. a year more than A, at the end 
of 8 years finds himself $40. in debt. What is their 
income, and what does each spend a year ? 

13. A grocer has two sorts of tea; one at 75 cents a 
pound, and the other at $1.10 a pound. In what pro- 
portion must he mix them, in order to afford the mixture 
at $ 1 . a pound ? 

14. A and B can do a piece of work in 5 days; A alone 
can do it in 7 days. In what time can B do it ? 

15. After A has travelled Similes, B sets out to over- 
take him, and travels 19 miles to A's 16. How many 
miles will each have travelled, before B overtakes A ? 

16. A trader bought a cask of wine, but, in conveying 
it home, \ of it leaked out. He sold the remainder, at 
$2.50 a gallon, and thus received what he paid for the 
whole. How much per gallon did he give for it ? 

17. A person having spent in one year all his 'income 
and ^ as much more, found that by saving -^ of his in- 
come afterward, he could, in 4 years make good the de- 
ficiency, and have $ 20 left. What was his income ? 

18. A young hare starts 40 yards before a grey-hound, 
and is not perceived by him till she has been up 40 sec- 
onds; she scuds away at the rate of 10 miles an hour, 
and the hound, in view, makes after her at the rate of 18 
miles an hour. How long will the course continue, and, 
what will be the length of it, from the place where the 
bound set out ^ 
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19. A man driving bis geese to market, was met by 
another, who said — ' Good morning, with your hundred 
geese.' He replied — T have not a hundred; but if I 
had half as many more than I have, and two geese and a 
half, I should have a hundred. ' How many had he ? 

20. If 8 men can build a wall 15 rods long in 10 days, 
how many men will it take to build a wall 45 rods long in 
5 days ? 

21. A gentleman had £7 17s. 6d. to pay among his 
laborers; to every boy he paid 6 pence, to every woman 
8 pence, and to every man 16 pence; there was one boy 
to three women, and one woman to two men. What 
was the number of each ? 

22. A farmer bought a yoke of oxen, a cow, and a 
sheep for |J 82.60; he gave for the cow 8 times as much 
as for the sheep, and for the oxen 3. times as much as for 
the cow. How much did he give for each ? 

23. The head of a fish was 9 inches long, its tail was 
as long as its head and balf its body, and its body was as 
long as its head and tail both. What was the whole 
length of the fish ? 

24. The remainder of a division is 325, the quotient 
467, and the divisor is 43 more than the sum of both; 
what is the dividend ? 

25. A trader bought a hogshead containing 120 gallons 
of molasses for 42 dollars. At what price per gallon must 
he sell it, to gain 15 per cent.? 

26. Sold goods to the amount of $3120, to be paid 
one half in 3 months, and the other half in 6 months. 
How much must be discounted for present payment, when 
money is worth 6 per cent, a year ? 

27. A merchant imported 10 tons of iron at 95 dollars 
4)er ton; the freight and duties amounted to 145 dollars, 
and other chai^ges to 25 dollars'. At what price per lb. 
must he sell, to gain 20 per cent.? 

28. The hour and minute hands of a watch are together 
at 12 o'clock; when are they next together ? 

29. Suppose two steamboats to start at the same time 
from places 300 miles apart on the same river; the one 
proceeding up stream is retarded by the current 2 miles 
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per hour; the other moving down stream is accelerated 
the same. If each is propelled by a steam engine, that 
would move it 8 miles an hour in still water, how far from 
each starting place will the boats meet ? 

30. Thomas sold 150 pineapples at 33^- cents apiece, 
and took no more money than Harry did for watermelons 
at 25 cents apiece. How much money did each take, 
and how many melons had Harry ? 

31. Seven-eighths of a certain number exceeds four- 
fifths of the same number by 6,. What is the number ? 

32. If 18 grains of silver will make a thimble, and 12 
dwt. a teaspoon, how many thimbles and teaspoons, of 
each an equal number, can be made from 15oz. 6 dwt.? 

33. What are the superficial contents of a piece of 
wainscot 8 ft. 6^ in. long, and 2 ft. 9-4 in. broad .^ 

34. A guardian paid his ward $3500. for $2500. 
which he had in his hands 8 years. What rate of interest 
did he allow .'^ 

35. A set out from Boston for Hartford precisely at 
the time, when B at Hartford set out fpr Boston, distant 
100 miles: after 7 hours they met on the road, and it 
then appeared, that A had ridden 1^ mile an hour more 
than B. At what rate an hour did each travel ? 

36. A father divided his fortune among his sous, giving 
A $4 as often as B 3, and C 5 as often as B 6. What 
was the fortune, supposing A's share to be $5000. i^ 

37. A prize of 945 dollars is to be divided among a 
captain, 4 men, and a boy; the captain is to have a share 
and a half; the men each a share; and the boy ^ of a share. 
What ought each person to have ? 

38. A person left 40 shillings to four poor widows; 
viz. to A he left ^, to B :^, to C |, and to D ^, desiring 
the whole might be distributed accordingly. What is the 
proper share of each ? 

39. A person looking on his watch, was asked what 
was the time of day; he answered — It is between 4 and 
5, and the hour and minute hands are exactly together. 
What was the time ? 

40. Divide 1200 acres of land among A, B, and C, 
so that B may have 100 acres more than A, and C 64 
acres more than B. 



XLI. . MISCELLANEOUS Q.UESTIONS. 5277 

41. What length of a board, which is 8 1 inches wide, 
will contain as much as a square foot ? 

42. What number is that, from' which if you take ^ of 
f, and to the remainder add -^^ of 2V? the sum is 10 f 

'43. A can do a piece of work alone in 10 days, and 
B in 13 days. If both set about it together, in what time 
will it be finished ? 

44. A, B, and C were to share $100000. in the propor- 
tion of ^, :|^, and^, respectively; but C's part being lost 
by his death, it is required to divide the whole sum prop- 
erly between the other two. 

45. In an orchard of fruit trees, ^ of them bear apples, 
J pears, \ plums, and 50 of them cherries. How many 
trees are there in the orchard ? 

46. A cistern, containing 60 gallons of water, has 3 
unequal faucets for discharging it; the greatest faucet will 
empty it in one hour, the second in two hours, and the 
third in three hours. In what. time will it be emptied, 
if they all run together ? 

47. What sum of money will amount to 336 dollars 
42 cents in a year and 4 months, at 6 per cent, per an- 
num, simple interest ? 

48. A man, when he married, was 3 times as old as 
his wife; 15 years afterward he was hot twice as old as 
his wife. At what age was each married ? 

49. Divide 1000 dollars among A, B, and C, so as to 
give A 120 dollars more, and B 95 dollars less, than C. 

50. What fraction is that, to which if f of | be added, 
the sum will be 1 ? 

51. A certain cubical stone contains 389017 solid feet. 
What are the superficial contents of one side ? 

52. A father dying left his son a fortune, \ of which 
he spent in 8 months; ^ of the remainder lasted him 12 
months longer; after which he had only 1200 dollars left. 
How much did his father leave to him ? 

53. Three travellers met at an inn, and two of them 
brought their provisions along with them; but the third 
not having provided any, proposed to the other two, that 
they should all eat together, and he would pay them for his 
proportion. This being agreed to, A produced 5 loaves, 

24 
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and B 3 loaves, which the travellers ate together, and C 
paid 8 equal pieces of money as the value of his share, 
with which the other two were satisfied, biit quarreled 
about the division of them. Upon this, the affair was 
referred to an umpire, who decided the dispute justly. 
What was his decision ? 

64. What number is that, which being added to yV ^^ 
765, the sum will be equal to the square root of 2601? 

55. Two persons talking of their ages, one says, | of 
my age is equal to | of yours, and the difference of our 
ages is 10 years. What were their ages ? 

56. A man bought some lemons at 2 cents each, and 
^ as many at 3 cents each, aad then sold them all at the 
rate of 5 cents for 2, and thus gained 25 cents. How 
many lemons did he buy? 

57. There are two cisterns, which are constantly re- 
ceiving an equal quantity of water; but the first constantly 
loses ^ of what it receives. After running 7 days, 10 bar- 
rels were taken from the second, and then the quantity of 
water in the two was equal. How much Avater did each 
receive per day ? 

58. A person being asked the hour oiF the day, said, 
the time past noon is equal to f of the time, to midnight. 
What o'clock was it ? 

59. What number, added Jo^ of 3813, will make the 
sum 200 ? 

^ 60. A general forming his army into a square, finds he 
has 284 soldiers over and above a square; but increasing 
each side wjth one soldier, he wants 25 to fill up a square. 
How many soldiers had he ? 

61. A reservoir for water has two pipes to supply it; 
by the first alone it may be filled in 40 minutes, by the 
second alone in 50 minutes; and it has a discharging pipe, 
by which it jmay, when full, be emptied in 25 minutes. 
Now, if these three pipes were all left open, the influx 
and efflux of the water being always at the aforesaid rates, 
in what time would the cistern be filled ? 

62. Three persons do a piece, of work; the first and 
second together do^ ^ of it, and the second and third 
together do ^ of it. What part of it is done by the 
second ? 
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63. A man driving some oxen, some cows, and some 
sheep, being asked how many he had of each sort, an- 
swered, that he had twice as many sheep as cows, and 
three times as many cows as oxen; and that the whole 
number was 80. What was the number of each sort ? 

64. A man has a note of $647. due in 2 years and 7 
months without interest; but being in want of money, he 
will sell the note; what ought he to receive, when interest 
is 6 per cent, a year ? 

65. A gentleman bequeathed an -estate of jjS 12500. to 
his wife and son. The son's share was ^.of the wife's 
share; What was the share of each ? 

66. A man and his wife found that when they were 
together, a bushel of' com would last them 15 days; but 
when the man was absent, it would last the woman alone 
27 days. How long would it last the man alone ? 

67. A farmer sold some calves and> some sheep for 
#i108.; the calves at $5. and the sheep at j|^8. apiece. • 
There were twice as many calves as sheep. What was 
the number of each sort ? 

68. A owes B jj 158.33 due in 11 months and 17 days, 
without interest, which be proposes to pay at present. 
What ought he to pay, money being 5 per cent, r 

69. At what time, between twelve and one o'clock, do 
the hour and minute hands of ^ clock or watch point in 
directions exactly opposite ? 

70. If 3 men can do a piece of work in 56 days, and 
4 women can do the same in the same time, in what time 
will one man an'd one woman together perform it ? 

71. A son having asked his father's age, the father 
thus replied; 'your age is 12 years, to which if five- 
eighths of both our ages be added, the sum will express 
my age.' What was the father's age ? 

72. Three gentlemen agree to contribute $730. to- 
wards the building of a church at the distance of 2 miles 
from the first, 2^ miles from the second, and 3^ miles 
from the third; and they agree, that their shares shall be 
reciprocally proportional to their distances from the 
church. How much must each contribute ? 

73. If A can reap a field in 13 days, and B in 16 days, 
in what time can both together reap it .^ 
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74. A and B set out together from the same place, and 
travelled in the same direction. A travelled uniformly 
18 miles a day, but after 9 days turned and went back as 
far as B had travelled during those 9 days; he then turned 
again, and, pursuing hjs journey,. overtook B in 22^ days 
from the time they first set out. At what rate per day 
did B uniformly travel ? 

75. Two men, A and B, are on a straight road, on 
the opposite sides of a gate; A is distant from it 308 
yards, and B 277 yards, travelling each towardsfthe gate. 
How long must they walk, to make their distances from 
the gate equal; allowing A to walk 2j yards, and B 2 
yards, per second ? 

76. I want just an acre of land cut off from the end of 
a piece, which is 13^ rods wide; how much of the length 
of the piece will it take ? 

77. A farmer had oats at 38 cents a bushel, which he 
mixed with corn at 75 cents a bushel, so that the mixture 
might be 50 cents a bushel. What were the proportions 
of the mixture ? 

78. A grocer mixed 1231b, of sugar worth 8 cents 
per lb. with 87 lb. worth 11 cents per lb. and 15 lb. worth 
13 cents per lb. What ^as the mixture worth per Jb..^ 

79. A man travelling from Boston to Philadelphia, a 
distance of 335 miles, at the expiration of 7 days found 
that the distance which he had to travel was equal to f| 
of the distance. Which he had already travelled. How 
many miles per day did he travel ? 

80. A gentleman bequeathed an estate of ^ 50000. to 
his wife, son, and daughter; to his wife he gave $1500. 
more than to the son, and to his son j^350O. more than 
to his daughter. How much was the share of each ? 

81. The stock of a cotton manufactory is divided into 
32 shares, and owned equally by '8 persons, A, B, C, 
&c. A sells 3 of his shares to a ninth person, who thus 
becomes a member of the company, and B sells 2 of his 
shares to the company, who pay for them from the common 
stock. After this, what proportion of the whole stock 
does A own ? , 

82. How many feet in a stock of 18 boards, 12 feet 
3 inches long, and 1 fp6t 8 inches wide ? 
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83. A merchant laid out $50. for linen and cotton 
cloth, buying 3 yards of linen for a dollar, and 6 yards 
of cotton for a dollar. He afterwards sold ^ of hii^ linen 
and \ of his cotton for jjjlS, which was 60 cents more 
than it cost him. How much of each did he buy ? 

84. If 167 dollars 50 cents in 16 months gain 12 dol- 
lars 60 cents, in what time will 29-3 dollars 75 cents gain 

11 dollars 75 cents ,^ at the same rate of interest? 

85. A. merchant having goat-skins, and wishing to get 
some of them dressed, delivered for that purpose 560 to 
a currier, to be dressed at 12^ cents each, who agreed to 
take his pay in dressed skins at 50 cents each. How 
many dressed skins should the currier return ? * 

86. If eggs be bought at the rate of 5 for 4 cents, 
how must they be sold per dozen, to gain 25 per cent. .^ 

87. What IS the circumference of a wheel,, the diameter 
of which is 5 feet ? 

88. A Iron of bronze, placed upon the basin of a foun- 
tain, can spout water into the basin through his throat, 
his eyes, and his right foot. If he spouts through his 
throat only, he will fill the basin in 6 hours; if through 
his right eye only,, he will fill it in 2 days; if through his. 
left eye only, in 3 days; if through his. foot only, he will 
fill it in 4 hours. In what time will the basin be filled, 
if the water flow through all the apertures at once ? 

89. A man having 100 dollars spent part of it, and 
afterward received five times as much as he had spent, 
and then his money was double what it was at first. How 
much did he spend ? 

90. A hare starts 50 leaps before a grey-hound, and 
takes 4 leaps to the hound's 3; but 2 of the hound's leaps 
are equal, to 3 of the hare's. How many leaps must the 
hound make, to overtake the hare ? 

91. A grocer would mix the following kinds of sugar, 
viz. at 10 cents, 13 cents, and 16 cents per lb. What 
quantity of each must he take, to make a mixture, worth 

12 cents per Ib..'^ 

92. A grocer has 43 gallons of wine worth $1.75 a 
gallon, which he wishes to mix with another kind worth 
g>1.40 a gallon, in such proportion that the mixture may 

24* 
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be worth $1.60 a gallon. How many gallons al $1.40 
must he use ? . 

93. Three merchants, A, B, and C, freight a ship with 
wine. A puts on board 500 tons, B 340 tons, and C 
94 tons; and in a storm they are obliged to cast 150 tons 
overboard. What loss does each sustain ? 

94. A and B hired a pasture for 37 dollars. A put 
in 3 horses for 4 months, and B 5 horses for 3 months. 
What ought each to pay? 

96. A family of 10 persons took a large house for ^ 
of a year, for which they agreed to pay 500 dollars for 
that time. At the end of 14 weeks, they took in 4 new 
lodgers; and after 3 weeks, 4 more; and so on at the end 
of every 3 weeks, during the term, they took in 4 more. 
How much rent must one of each class pay ? 

96. A boy bought 12 apples and 6 pears for 17 cents, 
and then, at the same rate, 3 apples and 12 pears for 20 
cents. What was the price of an apple, and of a pear ? 

97. A certain square pavement contains 48841 square 
stones^ all of the same size. How many stones constitute 
the length of one side of the pavement ? 

98. A certain field lies in the form of a right-angled 
triangle; the sides containing the right angle are, one 48 
rods, the other 20 rods in length. What is the length of 
the other side ? How many acres in the field ?, 

99. The following lots of sugar, from Havana, were 
sold in Boston on account of owners in Cuba, at 12| 
cents per lb. Required the amount of sales for each 
owner, allowing draft 4 lb. per box, and tare 15 per cent. 

A's sugar, 21 boxes, weighing 107941b. gross. 
B's sugar, 70 boxes, weighing 359801b. gross. 
C's sugar, 84 boxes, weighing 431761b. gross. 
D's sugar, 105 boxes, weighing 539701b. gross. 

100. How much money on interest at the rate of 6 
per cent, a year, from February 16th 1835, will be suffi- 
cient to meet a custom-house bond of $ 1464.45, which 
will become due on 10th of January, 1836 ? 

101. How many shingles will cover the roof of a house, 
which is 40 feet in length, and has 30 feet rafters, sup- 
posing each shingle to be 4 inches wide, and each course 
to be 6 inches ^ 
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102. A merchant sold a piece of cloth for $40, and 
by so doing, lost 10 per cent. For how much should he 
have sold it, to have gained 15 per cent.? 

103. A merchant .received on consignment, three par- 
cels of hops, viz. 4601b. from Allen, 8901b. from Brooks, 
and 5101b. from Chase, Allen's hops were found on 
inspection to be 33 y per cent, better than the others, but 
it was necessary to sell them together, at 12 cts. a pound. 
How much must each owner be credited? 

104. Three parcels of beef, of 60 barrels each, were 
received at Baltimore, from Boston, marked, W, X, Y. 
The lot marked W was found to be. 50 per cent, better 
than the others. The whole was sold together at 10 
dollars a barrel. How must the sale be adjusted between 
the owners of the beef ? 

105. If iron worth $4, per cwt. cash, is sold for $4.50, 
on a credit of 8 months, what credit shbuld be allowed 
on wine worth in cash $224 per pipe, but sold at $242, 
to make the percentage equal to that on the iron ? 

106. The number of terms in an equidifferent series is 
11, the last term is 32, and the sum of the terms is 187. 
Find the first term, and the common difference. 

1 07. A merchant has three notes, due to him as follows ; 
one of $300, due in 2 months; one of $250, due in 5 
months; and one of $ 180, due 3 months 9go, with inter- 
est; the whole of which he now receives. What sum is 
received on the three notes, allowing money to be worth 
6 per cent, a year ? 

108. A lady has two silver cups, and only one cover. 
The first cup weighs 12 oz. If the first cup be covered, 
it will weigh twice as much as the second; but if the 
second cup be covered, it will weigh three times as much 
as the first. What is the weight of the cover, and of the 
second cup ? 

109. Gray of Baltimore remits to Degrand in Boston, 
for sale, a set of exchange on London, the proceeds of 
which to be invested in certain merchandise for Gray's 
account. On selling the bill at 10 per cent, advance, 
D received $ 8600. How many pounds sterling was the 
bill drawn for, and how much is D to lay out for G, re- 
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serving to himself 5 of 1 per cent, on the sale of the bill, 
and 2^ per cent, commission on the investment ? 

110. The greatest term in a series of continual propor- 
tionals is 10, the ratio 1^, and the number of terms 12. 
What is the sum of the series ? 

111. What is the area of a circle, the diameter of 
which is 200 feet ? 

112. What sum of money must be put on interest, at 
the rate of 6 per cent, a year, to gain $27.83 in 11| 
months ? 

113. A person found two sums of money; \ of the 
first added to ^ of the second was $ 120. The two sums 
together were j5S400. What was each sum ? 

114. What number is that, whose cube root is equal 
to the square root of 361.^ 

115. If a family of 9 persons spend $ 305. in 4 months, 
how many dollars would maintain them 8 months, if 6 
persons more were added to the family.^ 

116. Bought 5hhds. of wine at 1 dollar per gallon, 
cash ; having kept it 3 months and 23 days, I sold it at 
$1.20 per gallon, on a credit of 5 months; 16 gallons 
having leaked out while in my possession. What was 
my cash gain ? 

1 17. A grocer having sugars at $ 12, $ 10, and $8 per 
cwt. would make a mixture of 30cwt. worth $9 per cwt. 
What quantity of each must he take ? 

118. What sum of money on interest at 6 per cent, a 
year, will amount to $ 1295.19, in 13 months 6 days ? 

119. How much must be paid for the transportation ' 
of 7261^1b. 60 mile?, at the rate of $10 for the trans- 
portation of 20001b. 47 .miles ? 

120. A farmer sold 17 bushels of rye, and 13 bushels 
of wheat for $31.55. The wheat, at 35 cents a bushel 
more than the rye. What was each per bushel ? 

121. A man bought ipples at 5 cents a dozen, half of 
which he exchanged for pears, at the rate of 8 apples for 
5 pears; he then sold all his apples and pears at a cent 
apiece, and thus gained 19 cents. How many apples 
did he buy, and how much did they cost f 

122. The sides of two square pieces of ground are as 
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3 to 5, and the sum of their superficial contents is 50600 
square feet. . What is the length of a side of each piece ? 

123. If 96 boards, 15 feet 6 inches long and 14 inches 
wide, will floor a place, how many will it take if the boards 
are only 1 1 feet 4 inches long and 9 inches wide ? 

124. A certain club spent at a supper, 43 dollars 56 
cents, and the expense of each was as many cents as: there 
were persons in the company. What did each pay? 

125. If 20 feet of iron railing weigh 1000 lb. when the 
bars are 1^ inch square, what will 50 feet come to, at 9| 
cents per lb. when the bars are ^ of an inch square ^ 

126. A stationer sold quills at $1.83y per thousand, 
and gained \ of the first cost ; but quills growing scarce, 
he raised the price to $2.04 per thousand. What did 
he gain per cent, by the last sale ? 

127. A merchant purchased goods to the amount of 
3472 dollars, which he sold at a loss of 12^ per cent, 
and invested the proceeds of the sale in other goods, which 
he sold at a profit of 13 per cent. Did he gain'or lose 
by these transactions, and how much ? 

128. A house completely finished, has cost the owner 
$12894; it is 4 stories high, and the ground floor is 
divided into two shops, one of which is let at $ 225, the 
other at $200 a year; the three tipper stories are let for 
$450 a year; the annual expense for repairs is $36.89. 
What per cent, does the house pay? 

129. A merchant in Boston received from New Orleans 
a bill at 30 days sight; he allowed 1 per cent, discount 
for present payment, and received $2530.44. What sum 
was the bill drawn for; and what was the discount ? 

130. A merchant sold a parcel of coffee at 15 cents 
per lb. and lost 10 per cent.; soon aftef he sold another 
parcel, to the amount of $525. and gained 40 per cent. 
How many pounds were there in the last parcel; and at 
what price per lb. was it sold ? 

131. G received from H 7601b. of rough tallow to try 
out, at 60 cents per 100 lb. clear, and was to tsi^e his. pay 
in rough tallow at 8 cents per lb. ; G returned 6151b. clear, 
and H paid him the balance due to him in rough tallow. 
Allowing 18 per cent, for waste, what was the balance 
due to G ? 
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132. A merchant received on consignment 3 lots of 
hops, viz. 8101b. from Allen; 7201b. from Bond; and 
18721b. from Cook. On inspection. Bond's hops were 
found to be 12^ per cent, better than Allen's; and Cook's 
25 per cent, better than Bond's. A sale of the 3 lots to- 
gether was effected at 10 cents per lb. What was the 
just share of the amount for each ? 

133. A and B hired a coach in Boston to go 50 miles, 
for $25. with liberty to take in two more when they 
pleased. After riding 1 5 miles they took in C, who wished 
to go the remainder of the journey out, and return with 
them to Boston. On their return, at the distance of 25 
miles from Boston, they admitted D for the remainder 
of the journey. You are required to settle the coach hire 
equitably between them. 

1 34. Suppose a rope 7 . 1 365 rods long, to have one end 
attached to a horse's head, and the other end fastened to 
a stake, in the centre of a field; how much land will the 
horse be allowed to graze upon ? 

135. A cistern is to be constructed, in the form of a 
cylinder, to hold 850 gallons. If the diameter of the end 
be made 6 feet, what must be the length of the side ? 

136. Suppose the propelling wheels of a locomotive 
engine to be 3 feet 4 inches in dianaeter, and to make 390 
revolutions in a minute; what distance will the engine 
move forward in one hour ? 

137. If 12 oxen^at up 3^ acres of grass in 4 weeks, 
and 21 oxen eat up 10 acres in 9 weeks," how many oxen 
will eat up 24 acres in 18 weeks; the grass being at first 
equal on every acre, and growing uniformly ? 



THE END. 
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